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Abstract
Virtual rewards, digital badges or points, are often awarded to extrinsically reinforce 
desirable user behaviors. Acknowledging their motivational power for increased user 
engagement and enhanced playfulness, virtual reward systems are widely employed 
in contemporary activity tracking devices and services. While the characteristics of the 
current virtual reward systems vary and previous studies point to mixed outcomes around 
the effectiveness of virtual rewards for encouraging physical activity, there is little empirical 
research on the actual use and impact of virtual rewards provided from activity tracking 
tools in a real-life environment. To address the knowledge gaps on the use and effects of 
virtual rewards, I investigate the lived experiences of users with the virtual reward system 
of the activity tracking tool and their effects and value in the physical activity practices 
of individuals. To understand this both qualitatively and quantitatively, I conduct user 
experience research using mixed methods. Diary-based autoethnography research is 
preceded using three popular activity trackers, thereby having and documenting situated 
experiences with two different digital badge systems and one points-based system. My 
autoethnographic exploration is followed by an online survey with 113 existing users of 
activity tracking devices. The collected data is analysed through content and statistical 
analyses. By interpreting the findings from both studies and the reviewed literature, this 
thesis illustrates in great detail how virtual rewards interact with users and other system 
features in real-life practices. In addition, it provides a clearer picture of the effects of virtual 
rewards on people’s engagement in physical exercise and what makes some of them more 
valuable. Finally, it offers a set of considerations for the design of virtual reward systems that 
can lead to more user-centric, multi-layered, and meaningful virtual reward experience.
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1.1. Background
1.1.1. Prevalence of Activity Tracking Devices 
Personal informatics, a class of tools that support people to gather and reflect on personal 
information (Li, Dey, & Forlizzi, 2010), have become more prevalent in various aspects of 
everyday life, from physical activity to medication and finance. In particular, self-tracking 
tools for physical activity are getting widely adopted not only for a specific purpose such as 
preventing a health-related problem, but also to satisfy curiosity about their functions or 
potential impacts (Jarrahi, Gafinowitz, & Shin, 2018), as people’s interests in well-being and 
healthier lifestyles have been increasing. In response to the growing needs for tracking physical 
activity, many affordable products are available in the market in the form of wearable devices, 
which are normally referred to as an activity tracker. The IDC (2018a), International Data 
Corporation, forecasted that the global wearable market will continue to grow, mostly fuelled 
by wrist-worn activity trackers and smartwatches, expecting the annual total shipments to 
reach 190.4 million units in 2022 from 122.6 million units in 2018 with a compound annual 
growth rate (CAGR) of 11.6% in the next five years. 
1.1.2. Activity Trackers
Activity trackers, also known as fitness trackers, are commercialized tools capable of tracking 
and monitoring physical activity and other physiological information by automatically 
collecting a variety of data (Shih, Han, Poole, Rosson, & Carroll, 2015). With multiple 
embedded sensors such as accelerometers, altimeters, and even electrocardiogram, people 
are enabled to monitor activity data such as step counts, distance moved, speed and pace, 
calories burned, heart rate, hours slept and so on (Shih et al., 2015). Also, they are often 
accompanied with mobile applications and online servers where all data are stored, shared 
with other users or friends, and visualized to show the progress and the feedback to their 
users. These technical advances in commercialized activity tracking devices can benefit 
people by promoting physical activity with the numerical feedback (Fritz, Huang, Murphy, 
& Zimmermann, 2014), helping manage the overall health more effectively with less effort 
(Montgomery-Downs, Insana, & Bond, 2012), and leading to a positive behavioral change in 
health and well-being. There are a couple of different types available in the market, but wrist-
worn activity trackers are the most widely used. In a broad sense, smartwatches also can be 
considered as one type of activity tracking devices in that they provide their users with almost 
the same functionality. For these reasons, wrist-worn activity trackers and smartwatches are 
going to be dealt with in this study.
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1.1.3. Virtual Rewards as Additional Motivator
Persuasive technology is the term to describe interactive computing systems which are 
designed to change attitudes or behaviors of the users (Fogg, 2003). Activity trackers are 
inherently built on self-monitoring technology, one of seven types of persuasive technology 
tools identified by Fogg (2003). While self-monitoring allows people to have more awareness 
about their behaviors and themselves by presenting ongoing data such as step counts, flights 
climbed, or heart rates, it is also asserted that the information provided is not motivational 
enough to encourage a sustained engagement in a healthier lifestyle for a majority of people 
(Waltz, 2012). In line with this, persuasive strategies are often implemented in combination, 
and along with self-monitoring, one of the techniques used most in activity trackers is 
reinforcing (Fritz et al., 2014; Karapanos, Gouveia, Hassenzahl, & Forlizzi, 2016; Orji, 
Vassileva, & Mandryk, 2014). It is often approached by establishing a system of virtual rewards, 
where users are extrinsically reinforced for desirable behaviors via digital incentives mostly 
in the form of digital badges and points. To harness its motivational power for increased 
user engagement and enhanced playfulness, leading companies in this industry including 
Apple, Fitbit, Google, and Samsung have introduced their own virtual reward systems to the 
products and services. However, the approaches to designing a virtual reward system taken 
by the companies vary, and many characteristics of a virtual reward system, such as the forms 
of reward and reward mechanisms, are different among each other. Though these differences 
may yield different behavioral and motivational outcomes, the actual use and impact of the 
current designs have been underexplored, and the mixed views on the digital rewards offered 
by activity tracking devices have been only partially reported by studies on the use of activity 
trackers in everyday life. (Fritz et al., 2014; Jarrahi et al., 2018; Kappen, Mirza-Babaei, & 
Nacke, 2017; Vooris, Blaszka, & Purrington, 2019). 
1.1.4. Potential and Risk of Virtual Rewards
Meanwhile, there has been some concern about the detrimental effect of virtual rewards on 
intrinsic motivations since virtual rewards are essentially virtual forms of extrinsic rewards. 
The study of the impacts of externally mediated rewards on internal sources of motivation 
has a long history in the field of social psychology. Deci, Koestner, and Ryan (1999) indicated 
through a meta-analysis of 128 related studies that the use of extrinsic rewards involves a risk 
of diminishing people’s intrinsic motivation, caused mostly by tangible rewards. However, 
it is not clear yet that the same issue can arise in terms of intangible form of rewards. 
Mekler, Brühlmann, Opwis, and Tuch (2013) presented a contradictory result through their 
experiment in an online image annotation task, showing that points did not undermine 
participants intrinsic motivation, but rather increased. Zichermann and Cunningham (2011) 
held that well-designed extrinsic rewards in gamified systems can trigger intrinsic motivation. 
With regard to this, careful implementation of extrinsic reward systems is required to trigger 
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internal motivation and maintain it (Richter, Raban, & Rafaeli, 2015), and the success of 
implemented systems can be predicted by the context of being used and the qualities of users 
(Hamari, Koivisto, & Sarsa, 2014). Consequently, a more nuanced understanding of users 
and their situated context is fundamental for the use of virtual rewards in order to yield 
intended outcomes while minimizing the adverse effect that external incentives may bring 
about while taking advantage of the potential opportunities of digital rewards. 
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1.2. Research Aim, Objectives and Questions 
Despite a need for better knowledge on users and the actual context of use to create a positive, 
meaningful results through digital rewards, we still have a limited understanding of people’s 
lived experiences with virtual reward systems of activity tracking tools. Also, it is still not 
clear what effect virtual rewards have on user motivation and how they influence people’s 
engagement in physical exercise. To address the knowledge gap described above, this study 
pursues to answer the following research questions: 
• How do people experience different virtual rewards provided by activity tracking tools in 
everyday practice?
• What effects and value virtual rewards have on people’s behaviors and motivations for 
physical activity? 
In other words, I aim to investigate people’s real-life experiences and perceived effects of 
the virtual reward systems in activity tracking devices, thereby exploring desirable ways of a 
virtual reward system for promoting physical activity. Following research objectives would 
facilitate achieving this aim:
• To illustrate how virtual rewards have been incorporated into real-life experiences of 
wearable activity tracker users
• To examine actual users’ perceived effects and value of, and their expectations for virtual 
rewards provided by activity tracking tools
• To provide the implications for designing a virtual reward system aimed to promote physical 
activity
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1.3. Research Approach and Methods
To understand, both qualitatively and quantitatively, how virtual rewards are engaged 
with actual users in real-life contexts and what influence they have on users’ motivation 
and behaviors, I conduct user experience research using mixed methods: a diary-based 
autoethnography and an online survey. This mixed approach can be justified by the previous 
literature. Klasnja, Consolvo, and Pratt (2011) pointed out the importance of field studies 
to understand the impact of technologies for health behavior change and how they interact 
with users and other situated factors, which is generally hard to be achieved by a traditional 
way of HCI (Human-computer interaction) research such as deploying a research prototype. 
Autoethnography is one way to conduct field research using a first-person point of view. To 
be more specific, autoethnography, derived from qualitative research in the social sciences, 
is a form of autobiographical research in which the researcher’s own thoughts and lived 
experiences as the central element of the study are expressed and systematically analysed to 
understand social, cultural phenomenon (Ellis, Adams, & Bochner, 2011; Reeves, Kuper, & 
Hodges, 2008). Conducting autoethnography allows the researchers to gain first-hand user 
experience of the device, by which generates deep and rich insights (Cecchinato, Cox, & Bird, 
2017). Such merits, which is barely possible through other research methods, have made first-
person research more important in HCI research as the private areas of life, a space where 
situations are intimate and long-term investigation is required such as home and wearables, is 
becoming the research topics in the HCI community (Desjardins & Ball, 2018). However, its 
inherent nature—subjectivity, emotionality, and researcher’s influence on research—is often 
challenged (Lucero, 2018). In this sense, conducting a third-person perspective research 
along with autoethnography can be expected to develop a nuanced understanding and elicit 
novel insights while alleviating the challenges that autoethnographic research faces. For these 
reasons, I decided to approach the research questions through a combination of a diary-
based autoethnography and an online survey.  
Literature Review
Desk Research
Diary-based 
autoethnography Key Findings
Online survey Design Considerations
Preliminary Study User Study Post Study
Figure 1. Research process
Literature Review
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Virtual rewards are digital or intangible incentives awarded for desired behaviors or 
outcomes, given in the form of points, badges, or extra game items or resources (Zuckerman 
& Gal-Oz, 2014). A system of virtual rewards is commonly included in games as a 
fundamental mechanism to increase player engagement, direct gameplay behaviors, and 
promote enjoyment (Goh, Pe-Than, & Lee, 2017). Thus, virtual reward systems in activity 
tracking devices can be identified as the result of gamification, which is the integration of 
game design elements in non-game contexts (Deterding, Dixon, Khaled, & Nacke, 2011). 
Therefore, literature about gamification and game reward system is worth examining in this 
research and the most relevant work is introduced at first. Then, I present previous research 
on everyday uses of activity trackers to grasp the current state of knowledge in this field. In 
this process, the available evidence on the effectiveness of current virtual reward systems 
in activity trackers are reviewed in detail. Lastly, I examine prior studies in the context of 
digital health interventions for increased activity level. Researchers in the field of Human-
computer interaction (HCI) have developed persuasive systems for promoting physical 
activity over the last decade, in which various ways to extrinsically reward users have been 
proposed and evaluated. Reviewing these works is worthwhile in that they can give insights 
into how people are influenced by different reward systems within this specific context.
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2.1. Virtual Rewards as Game Element
2.1.1. Meaningful Gamification
Gamification emerged in an attempt to leverage aspects of play to make non-game activities 
more fun and engaging. Gamification has been receiving huge attention from practitioners 
and researchers in recent years, and its application has been extended to diverse areas, from 
education to health and commerce. In the meantime, criticism arose among some scholars 
from the hype around gamification. Deterding (2013) argued that existing gamified systems 
are 1) not systemic by merely adding game design elements, 2) reward-oriented by focusing 
on motivating through extrinsic rewards, 3) not user-centric by emphasizing the goals of 
the system owner, and 4) pattern-bound by limiting themselves to a small set of feedback 
interface design patterns. Cugelman (2013) pointed out the misconception of gamification, 
claiming that gamified systems work effectively only when used in the right way based on 
a thorough understanding of game tactics. In line with this movement, efforts have been 
made to establish a theoretical foundation for more effective gamification. Nicholson (2012) 
introduced the concept of meaningful gamification by exploring the theories of motivation, 
learning, and user-centered design, and defined meaningful gamification as “the integration 
of user-centered game design elements in non-game contexts” (p. 5). While pointing out 
that the mere use of game elements without a careful consideration of the underlying 
non-game setting and users will result in a poor gamification experience, he claimed that 
gamified systems are required to help people find meaningful connections between game 
elements, activity, and their own goals and desires by providing relevant information to 
users’ interests, allowing user customization, and increasing the transparency of the system. 
Hamari et al. (2014) examined 24 peer-reviewed empirical studies of gamification based on a 
proposed conceptual framework for gamification which consists of motivational affordances, 
psychological outcomes, and further behavioral outcomes. They indicated that the effectiveness 
of gamification can become different depending on the context being gamified and user types 
while gamification mostly brings positive effects on users. This result is also aligned with 
a Deterding (2011)’s theoretical study on situated motivational affordances. Also, Vassileva 
(2012) described the importance of modelling users and adapting the motivational strategies 
to their interests and needs. Therefore, understanding those who actually use the systems 
in real life and the context where the systems are employed is a key for gamified systems to 
produce intended motivational and behavioral outcomes.
2.1.2. Digital Badges and Points as Virtual Rewards
Virtual reward systems are found as the most common manifestation of gamification in 
various contexts, and virtual rewards are often awarded to users through digital badges or 
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points in gamified systems. They are expected to function in the same way as they do in 
games by building the relationship between user actions and outcomes, giving a sense of 
achievement and pleasure, and allowing users to reflect their status and collections (Wang 
& Sun, 2011). However, there are also some differences between badges and points in 
terms of how information is represented (non-numeric vs. numeric), where values come 
from (social vs. individual), and their assumed roles, which could yield different effects on 
users’ perceptions and behaviors (Goh et al., 2017). Thus, a proper review of both systems is 
important even though the comparison between the two systems is not the main purpose of 
this study. For this reason, fundamental knowledge of digital badges and points are described 
first, and it is followed by prior application cases of both types of rewards in gamified systems 
with their findings and limits.  
Firstly, a digital badge is a digitized image or an icon that contains associated information or 
metadata (Shields & Chugh, 2017) indicating one’s accomplishment, skill, quality, or interest 
(HASTAC: Humanities, Arts, Science, and Technology Alliance and Collaboratory, n.d.). It 
is also regarded as one of communication interfaces between users and systems, in which 
badges encapsulating information specified by the designer are transferred to users when 
certain requirements are met (Fanfarelli & McDaniel, 2015). It is theoretically constituted 
with three primary elements, which are signifier, completion logic, and reward (Hamari & 
Eranti, 2011). To be specific, signifier is a visible part for users, consisting of a name, a visual 
component such as an icon or a badge, and a description of the requirement and consequence 
of action. Next, completion logic is the foundational logic of a badge, which defines pre-
requirements, trigger, conditions, and the amount of times the trigger has to be activated 
under the conditions. Lastly, reward is the compensation for users after unlocking the badge, 
and can be categorized into three, which are in-game, achievement game, and out-game. 
While badges are primarily used as extrinsic rewards in digital systems, scholars suggested 
different roles that digital badges could take on in various contexts. In an attempt to create 
a taxonomy of achievement systems in games (Montola, Nummenmaa, Lucero, Boberg, & 
Korhonen, 2009), they identified digital badges as sub-goals in a secondary reward system 
that add additional motivations for playing the core game. In an educational context, Jobe 
(2014) stated that badges indicate recognition, validation, and accreditation of non-formal 
learning by displaying to the public the skills or accomplishments that people have learned 
or completed. Antin & Churchill (2011) presented five individual and social functions for 
badges in social systems such as Foursquare, StackOverflow, and Wikipedia: goal-setting, 
instruction, reputation, status/affirmation, and group identification. With a focus on their 
social function, badges also can represent social norms of a system by manifesting the types 
of valuable activities and interactions (Antin & Churchill, 2011; Cugelman, 2013).
While badges represent people’s interests and experiences in a graphical way, points are 
numerical scores in a system that are awarded for users’ behaviors (Goh et al., 2017). In 
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other words, Point systems use numbers to signify a user’s performance (Wang & Sun, 2011). 
Sometimes, a composite metric is created and used in order to reduce the complexity of 
data into a single number (Zichermann & Cunningham, 2011). In the context of this study, 
NikeFuel is a good example of this. It is a universal point system developed by one of the 
athletics companies, Nike, to allow its users to measure all activities that they engaged in 
everyday life and see them in a single, abstract number. Zichermann and Cunningham 
(2011) listed five different kinds of points that can be used in gamified systems: experience 
points, redeemable points, skill points, karma points, and reputation points. Since the latter 
two are more complex and rarely used in classic games, the details of the first three types 
are introduced in this study. Experience points accrue from every single activity a user does 
within the system. They do not have any monetary value in the system, so that they cannot be 
redeemed. While skill points share some common traits with experience points, they serve 
as more like bonus points allowing users to earn this point from specific activities while they 
enjoy the core game. On the contrary to the previous two types of points, redeemable points 
are allowed to be exchanged into some other kind of reward, so it establishes the base of a 
virtual economy. When it comes to the roles that points play in the system, points primarily 
provide feedback on users’ actions and performance (Lewis, Swartz, & Lyons, 2016; Mekler et 
al., 2013; Richter et al., 2015). In line with this, points can perform as tools for self-assessment 
and comparison (Wang & Sun, 2011). Also, points indicate an individual’s progression, and 
can be used as a goal-setting tool (Goh et al., 2017; Richter et al., 2015).
2.1.3. Application Cases of Badges and Points in Reward System
Though the interest in gamification was rapidly increased and many digital services in 
diverse areas that are gamified with digital badges and points were available to customers, 
the effectiveness of gamification approach remained in question. Along with theoretical 
consideration on this matter taken by some scholars (Cugelman, 2013; Hamari et al., 2014; 
Nicholson, 2012; Vassileva, 2012), other scholars took more experimental approaches to 
clarify the potential of gamification in their field of study. Montola et al. (2009) implemented 
a point-based rewards system to a location-based photo sharing service for increased user 
participation, in which users were incentivized through points for four different tasks. A two-
month field trial with 20 participants showed that many participants did not appreciate the 
added value that the points system can deliver while a few found some hedonic value from 
it. In contrast, Mekler et al. (2013)’s examination of the impacts of points and a meaningful 
framing on internal motivation and performance in an online image annotation task 
indicated that points system predicts the quantity of outcomes that participants generate 
while a meaningful frame leads to higher quality of work. Also, they reported that both 
points and a meaningful framing did not diminish users’ intrinsic motivation, but rather 
increased to a similar degree. When it comes to the health-related interventions, Zuckerman 
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and Gal-Oz (2014) developed three different types of research prototypes and tested them 
with participants in order to compare the effectiveness of different game design elements to 
promote opportunistic physical activity. In their field studies, most participants perceived a 
points system as meaningless while being more interested in actually measured data rather 
than an arbitrary number. Moreover, they did not find any significant difference between 
gamified versions and the quantified version in terms of the level of physical activity that 
participants engaged in. Munson and Consolvo (2012) developed a mobile application and 
conducted a four-week field study to explore how the strategies of goal-setting, rewards, self-
monitoring, and sharing encourage physical activity. In their study, digital rewards analogous 
to badges failed to motivate most participants although the reactions to virtual rewards were 
positive in their preliminary survey, posing a question about how such rewards should be 
designed within this context. In sum, prior studies on the effectiveness of virtual rewards for 
promoting desirable behaviors yielded mixed results. The rewards were persuasive in certain 
contexts, whereas they were not considered as valuable and did not affect users’ attitude and 
performance in other contexts. In some of the reviewed studies, researchers suggested that 
the behavioral and motivational outcomes of virtual reward system may vary depending on 
the context being employed, the activities appreciated by the system through awarding virtual 
rewards, and the way of implementation.
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2.2. Virtual Rewards as Extrinsic Motivator
In the previous section, I considered virtual rewards as game elements, reviewing the relevant 
literature about gamification, game design elements, and their application cases in various 
fields of study with a focus on two types of the most commonly used virtual rewards, digital 
badges and points. In the reviewed studies, researchers pointed out that it is essential to take 
account of the context of use, the activities that are gamified, and the qualities of users in 
order for gamified systems to yield intended effects. Fortunately, the widespread adoption of 
activity trackers allows us to deepen our understanding of actual users, their lived experiences, 
and the barriers that they face. In an effort to do this, some experience of, and opinions on the 
virtual rewards systems in current activity trackers are also uncovered. Along with the review 
of these studies and their findings, prior attempts to externally promote physical activity are 
also presented in this section. Examining these trials could provide further consideration of 
how to support people through extrinsic motivators. 
2.2.1. Activity Tracking and Virtual reward Experience in 
Real Life
Since there has been a rapid proliferation of consumer products for tracking health- and 
fitness-related activities over the past few years, research on the real experience and the 
actual impact of activity tracking devices in everyday life is still in its developing stages. The 
recent studies pointed out that most tools have failed to sustain a long-term engagement 
with a majority of users. The Endeavour Partners (2014), a management consulting firm, 
revealed that one-third of activity tracker users in the United States (US) stopped using their 
tracking devices within six months since they had started using them. Moreover, Jakicic et al. 
(2016) indicated in their longitudinal study on the effect of wearable technology in a weight 
loss intervention that activity trackers failed to offer the long-term advantage in improving 
one’s health. Users’ abandonment of activity trackers also raised academic attention in the 
HCI community, followed by further research aiming to develop more effective strategies 
to ensure sustained engagement by understanding motivations, actual use and impact, and 
problems that hinder a long-term use of activity tracking devices. Gouveia, Karapanos, and 
Hassenzahl (2015) studied how users’ engagement with activity trackers changes over time 
in real life by developing an activity tracking app named ‘Habito’ and analysing the data from 
256 users. Another attempt was made by Fritz et al. (2014). They examined people’s changing 
perspectives and perceived impacts on their activities and attitudes over long period of use 
through in-depth interviews with 30 participants who had been using activity trackers for 
between 3 months and 54 months. More recently, Vooris et al. (2019) explored the reasons 
for purchasing activity trackers and their usage patterns through focus-group interviews with 
31 participants. The results of these studies indicated that using activity tracking devices 
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bring positive changes in people’s routines or behaviors although the use of activity trackers 
may not yield direct effects on the improvement of physical or mental health (Fritz et al., 
2014; Vooris et al., 2019). However, those impacts can be varied depending on people’s 
commitment to exercise, and current activity tracking devices work more effectively for 
those who have the intention for change but do not know how (Gouveia et al., 2015). Also, 
researchers pointed out the limited support of current trackers for long-term use while users’ 
activity goals and roles of activity trackers in everyday practice have changed over time (Fritz 
et al., 2014; Gouveia et al., 2015). They stated that the current systems fail to reflect users’ 
changing informational needs and interests, which leads to users’ disengagement with activity 
tracking devices. In addition, barriers to sustained engagement with activity trackers were 
also examined (Harrison, Marshall, Bianchi-Berthouze, & Bird, 2015). In their surveys and 
interviews with 24 participants including 8 participants who abandoned tracking, researchers 
argued that providing the accuracy of tracking, appropriate credits for users’ efforts, and 
social functionality are crucial for long-term engagement. Meanwhile, some evidence on the 
effects of virtual rewards in current activity trackers were found in these studies. Fritz et 
al. (2014)’s investigation showed that system rewards like badges and points had a positive 
effect on more than half of participants by promoting more physical activity, giving a sense 
of achievement, and serving as an alternative goal. Positive responses to virtual rewards were 
also given by Vooris et al. (2019)’s examination of how the gamification elements impact on 
users’ usage patterns of activity trackers, indicating that badges help people stay active, let 
them move more to earn them, and check the app more often. These findings are in conflict 
with the results from Munson and Consolvo (2012)’s experiments. Other studies pointed 
to more mixed outcomes. Jarrahi et al. (2018) carried out a qualitative study based on in-
depth interviews with users of Fitbit activity trackers to explore how different types of prior 
motivations affect the perception and adoption of such devices. They suggested the typology 
of users, in which users are grouped into five based on the individuals’ activity levels, pre-
existing motivations, and attitudes toward their personal data. Their findings showed that 
motivational features such as virtual rewards are effective only for certain types of users who 
have already wanted to be more active. Kappen et al. (2017) paid their attention to differences 
in the effects and preferences of motivational elements in activity tracking devices between 
age groups. By exploring the motivational techniques for promoting physical activity, they 
identified that badges were beneficial to the age group between 18 and 29 while they failed 
to create a meaningful value or even brought a negative impact on motivation for engaging 
in physical activity in other age groups. On the other hand, Novak and Loy (2018) discussed 
the limited motivational capability of the virtual reward system that one of the authors 
experienced from the first-person research with a Garmin activity tracker. They described 
that the current reward system fails to provide any real context or meaning for users and 
to fit the advancement of personal goals. As described above, the results of the previous 
studies were mixed regarding the effectiveness of digital rewards provided by current 
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activity tracking devices. This could have been caused by a limited number of participants 
in qualitative research. In most cases, the findings of the studies were drawn from the in-
depth interviews or focus groups with a small number of users, in which there is always a 
risk that those who were recruited for research may not represent the entire group of users 
(Fritz et al., 2014; Vooris et al., 2019). With this regard, a need for research with a larger and 
broader population was came up by a few researchers (Jarrahi et al., 2018; Vooris et al., 2019). 
Moreover, it was confirmed that most studies only focused on motivational effects of virtual 
rewards, providing a limited understanding of how virtual rewards have been incorporated 
into real-life experiences of activity tracker users.
2.2.2. Approaches to Extrinsic Rewards for Increased Physical 
Activity 
Virtual rewards are inherently a digital form of extrinsic rewards, and digital badges and 
points are one of the most commonly used types of system rewards in health-related 
technologies. As the social needs for digital health interventions to address increased 
sedentary lifestyles have been growing, many researchers also have experimented with 
different approaches to the system rewards for increased physical activity. One approach 
taken by scholars is incorporating real-world physical activity into the virtual games which 
are developed for this purpose. Fish’n’Steps (Lin, Mamykina, Lindtner, Delajoux, & Strub, 
2006) is a social computer game designed for encouraging people to take more step counts, 
in which users’ daily progress towards their step goals are reflected to the growth and the 
emotional state of their own virtual fish in both positive and negative ways. The results of 
a 14-week study with 19 participants showed the positive influence of the intervention on 
two thirds of the participants in terms of activity level. The authors also confirmed that the 
negative reinforcement may lead people to stop using the system within this context. For 
the same purpose, UbiFit Garden (Consolvo et al., 2008) was also developed. The system 
used the background screen on the mobile phone, displaying the virtual garden which is 
filled with butterflies and flowers based on the level of physical activity and goal attainment. 
In a 3-week field trial with 12 participants, features of the system were favourably received, 
especially the glanceable display was regarded as crucial. While the first two cases visualized 
physical activity levels via virtual creatures in the game world, Berkovsky, Coombe, Freyne, 
Bhandari, and Baghaei (2010) used a direct game related motivator. They applied the PLAY, 
MATE! design to a public game, Neverball, in which users were encouraged physical activity 
to get time-based rewards. The more extra time they earn, the higher their chances are 
of succeeding in the game. A user study with 180 participants proved that the proposed 
game was effective to motivate people to perform more physical activity and did not have 
a harmful effect on perceived enjoyment of playing. More recently, some researchers have 
investigated ways to explicitly reward people not in the virtual environment, but in the 
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physical world. Khot (2013) built Sweat-Atoms, a 3D modeling and printing system, that uses 
heartbeats of individuals to generate abstract 3D designs. Although the sample size was small 
(N=5), the participants in their preliminary study were favorable to the system, seeing it as 
a new way of enjoying exercises. Taking a similar approach, Stusak, Tabard, Sauka, Khot, 
and Butz (2014) designed Activity Sculptures, a series of physical visualizations of tracked 
running data, and evaluated with 14 participants. In a 3-week field study, participants were 
asked to track their running data with a mobile application and received the unique sculptures 
created based on their data within 3 days after submission. The study confirmed the positive 
influence of material representation of tracked data on motivation, self-reflection, and social 
interactions. Moreover, Novak and Loy (2018) developed two tangible reward systems by 
utilizing 3d printing technology and the Internet of things based on their understanding of 
the limited motivational capability of the current virtual rewards from first-person research. 
The authors attempted to create a more personalized and meaningful experience of getting 
and seeing rewards beyond digital interface, aiming to have younger generations sustain a 
longer engagement in physical activity. While some studies showed the effectiveness of their 
systems with a small number of participants, the limited nature of the physical representation 
was also revealed. Stusak et al. (2014) reported that costs of materials and time-consuming 
printing process need to be addressed to implement this sort of system in the real world. 
In this regard, virtual rewards are more feasible since they are cost effective (Montola et al., 
2009) and can be provided immediately or delayed for greater rewards (Wang & Sun, 2011).
Desk Research
03
Before carrying out user studies, it is essential to have sufficient knowledge of the current 
designs that are publicly available at present. I conducted a review of virtual reward systems in 
existing activity tracking devices and services provided by major companies in the wearable 
market to gain a broad understanding of what kind of digital rewards are offered, how they 
are employed in the tracking systems, and how users can earn and access their achievements.
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3.1. Method and Procedure
According IDC’s Worldwide Quarterly Wearables Tracker reports in 2018 (IDC, 2018b) and 
2019 (IDC, 2019), top 5 companies of the wearable market in 2019 were Xiaomi, Apple, 
Huawei, Fitbit, and Samsung while those in 2018 were Apple, Xiaomi, Fitbit, Huawei, and 
Garmin. Those top 5 companies accounted for 53.4 percent and 65.7 percent of market share 
in 2018 and 2019, respectively. Thus, I examined first the products and services provided by 
the companies which were ranked in either report: Apple, Fitbit, Garmin, Huawei, Samsung, 
and Xiaomi. Since each company provides the dedicated mobile application for its wearable 
products, I downloaded those applications from the US version of Apple App Store. The 
reviewed mobile applications are listed in Table 1. 
Table 1 
Activity tracking app and reward type by company
Companies Types of Activity tracking Devices Mobile Applications Types of Virtual Rewards 
Apple Smartwatches Activity app Digital badges
Fitbit Smartwatches/Activity trackers Fitbit app Digital badges
Garmin Smartwatches/Activity trackers Garmin Connect app Digital badges
Huawei Smartwatches/Activity trackers Huawei Health app Not confirmed
Samsung Smartwatches/Activity trackers Samsung Health app Digital badges
Xiaomi Activity trackers Mi Fit app Not confirmed
By browsing their official websites and reviewing mobile applications, whether to adopt a 
virtual reward system in the company’s activity tracking system and the types of reward were 
found (Table 1). While Huawei and Xiaomi did not implement a virtual reward system in their 
devices and services, other companies employed their own digital badge systems. These four 
digital badge systems, therefore, were further analysed. In addition to these four, I paid extra 
attention to the Google Fit app, which is a health and activity tracking platform developed 
by Google and first released in 2014. Google redesigned the app in 2018, through which new 
point-based reward system was introduced. Given that other major companies are awarding 
digital badges to their users as shown in Table 1, Google’s recent attempt is worth investigating 
further to understand how different forms of virtual rewards affect people’s attitudes and 
behaviors regarding physical activity. In the following section, the virtual reward systems 
embedded in activity tracking platforms of the five companies mentioned above are briefly 
reviewed. 
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3.2. Current Designs of Virtual Reward System
3.2.1. Activity app from Apple 
Activity app is one of Apple Watch’s default apps for activity tracking, and exclusively available 
to Apple Watch users. It allows users to track how much they move, how many minutes they 
exercise, and how often they stand up in their daily lives by representing them with three 
colored rings named the Move, Exercise, and Stand ring, respectively. Users are given the 
daily goals for those three rings while the goal of Move ring is only allowed for users to 
change on their own. Users are also enabled to check their progress of daily goals on the 
Apple Watch as well as the mobile version of the Activity app on the iPhone. When it comes 
to virtual rewards, the app awards several kinds of digital badges to its users who satisfy 
the predefined conditions. Badges are largely divided into three categories: standard badges, 
social badges, and time-limited challenges. The requirements for badges are defined based 
on the attainment of daily goals—the rate of goal achievement or the number of times the 
goals are achieved in a row as well as in total. Furthermore, the app distributes badges when 
users engage in various types of workout for the first time or beat their best records. Users are 
allowed to see the list of badges that are both already earned and available in the future with 
their progression on their smartphones, which became available on the Apple Watch as well 
with the introduction of watchOS 6, an operating system for Apple Watch.  
Figure 2. Screen images of the Activity app: History tab (left), Awards tab (right), and detail 
of a badge (right)
- 19 -
3.2.2. Fitbit app from Fitbit 
Alongside the activity trackers and smartwatches, Fitbit offers the Fitbit app for various 
versions of mobile operating system and individual’s web dashboard on its official website. 
The app and web dashboard provide almost the same functions, enabling users to track 
activity, sleep, and weight, record workouts, and connect with friends, family and other 
users. As with Apple Watch, people can monitor the tracked data on their wrist in real time. 
Moreover, users are allowed to manually modify daily activity goals, such as steps, calories 
burned, and distance, on their mobile app. Unlike Apple Watch, digital badges offered by 
Fitbit have nothing to do with the completion of daily goals. There are several thresholds 
for digital badges in terms of steps, floors climbed, and weight, and users receive them once 
they hit those thresholds during a day or in a lifetime. In addition to badges, users are able to 
unlock the trophies by participating in challenges, in which they compete and compare with 
friends and family. Users are able to see the collection of the badges that they have achieved 
on the mobile app as well as on the web dashboard.  
Figure 3. Screen images of the Fitbit app: Dashboard tab (left), a list of badges (right), and 
detail of a badge (right)
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3.2.3. Garmin Connect app from Garmin
Garmin provides a mobile and web version of Garmin Connect, a tool for monitoring, 
analysing, and sharing health and fitness data. Garmin Connect is available to use once 
paired with a compatible Garmin activity trackers and smartwatches. While it supports 
more or less the same functionality as Fitbit does, its virtual reward system is more complex 
and multi-layered than that of Apple and Fitbit, in which different game design elements—
badges, points, and levels—are combined into one achievement system named as recognition 
program. It offers a wide range of badges for different workout types, health-related activities, 
and even some tutorials. Both achieved and achievable badges are viewed in the mobile as 
well as web version of Garmin Connect. The most distinctive feature of Garmin’s reward 
system is that it assigns different amounts of points into each badge based on the difficulty of 
the requirement. By accumulating the points, users are able to proceed to the next level. In 
comparison to that of Apple and Fitbit, Garmin’s virtual reward system turns life into a game. 
Figure 4. Screen images of the Garmin Connect app (Pearson, 2018): Profile (left), a list of 
badges (middle), and detail of a badge (right)
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3.2.4. Samsung Health app from Samsung 
Samsung Health app is all-in-one mobile platform where all health- and activity-related data 
from smartphones, activity trackers, and compatible devices are integrated, delivering the 
insights for a healthier lifestyle. It encourages users to determine three daily goals for the 
minutes of activity, intake of calories, and hours of sleep. It also incorporates a digital badge 
system to boost people’s motivation and enjoyment, however, the underlying mechanism for 
the reward system is somewhat different from previous ones. While it shares some common 
traits with that of Apple Watch in that both focus on users’ goal attainment, the biggest 
difference between the two is that Samsung Health allows a user to set a target goal before 
engaging in exercise, and then awards a badge when he or she reaches that goal. As with other 
platforms, users can see the collection of their rewards on their smartphones.  
Figure 5. Screen images of the Samsung Health app (Samsung, 2019): exercise target setting 
(left), achievement of a badge (middle), and a list of badges (right)
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3.2.5. Google Fit app from Google
As briefly introduced earlier, Google Fit app is a mobile platform for health and activity 
tracking provided by Google since 2014. With the recent redesign of the app, Google 
introduced two new metrics, Heart Points and Move Minutes, and a points system based on 
them, following the activity recommendations of the World Health Organization (WHO). 
According to the guidelines established by the organization (World Health Organization, 
2010), adults should have 150-minute moderate exercise or 75-minute vigorous exercise at 
the minimum level. Heart Points and Move Minutes represent the intensity and the amount 
of physical activity, respectively. Heart Points give credit for activities that get the heart 
pumping harder such as brisk walking or jogging while Move Minutes are given for all of the 
activities that users engage in. In terms of Heart Points, the system awards points differently 
based on the intensity of exercise—one point for each minute of moderate exercise, and two 
points for each minute of vigorous exercise. Users are encouraged to set daily goals for both 
points, and the progress of goal attainment is represented by two concentric circles. While 
this simple and abstract reflection on daily activity level is available on both smartwatches and 
smartphones, the detailed information of each exercise is given only on the mobile version 
of the app. 
Figure 6. Screen images of new Google Fit app: Home (left), guidance on the points system 
(middle), and detail of an activity (right)
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3.3. Comparative Analysis
In the previous section, I briefly reviewed the virtual reward systems employed in activity 
tracking systems of five major companies. Table 2 shows the summarized results of the review. 
During the review, the similarities and differences between the systems became apparent in 
terms of several points. First of all, Apple and Samsung focus more on users’ goal attainment, 
whereas Fitbit and Garmin award badges based on the amount of measured data. Moreover, 
there are differences in the range of individual rewards between the systems. Apple and 
Garmin provide various types of rewards by applying them to diverse contexts while those 
of Fitbit and Samsung are somewhat limited to a few types of activity data. Also, the virtual 
reward system of each company has its own unique characteristics. Apple awards different 
digital badges according to the achievement rate of daily activity goal. On the other hand, 
Samsung allows users to set their target activity goal each time when users try to engage in 
physical activity. In addition, it only cares about whether to achieve the manually set goal, not 
counting the achievement rate as Apple does. Even if they do have the same focus, the content 
and logic of rewards can be significantly different. Fitbit and Google are trying to provide 
additional information with their virtual rewards. Fitbit uses distance-related, real-world 
information to metaphorically present how many miles users have walked since they started 
tracking. By earning those badges, users are actually able to learn something interesting. 
On the other hand, Google delivers more useful information than Fitbit. By employing the 
WHO’s activity recommendations in its points system, users are enabled to be aware of 
whether their activity level meets the WHO’s guideline, which could help managing health. 
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User Studies: 
Autoethnographic 
Diary Study
04
While differences in design approaches to virtual reward system became discernible through 
comparative analysis of the current designs of activity tracking systems, little is known about 
how these different characteristics affect users’ real-life experiences with virtual rewards. 
Also, it was confirmed that there is still a need for further investigation of the influence and 
role of virtual rewards in physical activity practices since the findings from the reviewed 
literature indicated a mixed reception to them. To fill the knowledge gaps described above, I 
conducted an auto autoethnographic diary study and an online survey with existing users of 
activity tracking devices. In this and the following chapter, the detailed process and findings 
from both user studies are described. 
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4.1.2. Data Collection
Data was collected in two ways: by developing retrospective accounts (Duncan, 2004) for the 
experience of the Fitbit activity tracker, and by writing diary entries for that of the Apple and 
Asus smartwatches as reflections-in-action (Duncan, 2004). To be specific, the Fitbit charge 
2 was used by the author in two separate periods: a one-week trial in May 2018 and two 
months of use from mid-March to mid-May in 2019. The device was rented from the Aalto 
Takeout, where students are able to borrow various equipment for study purposes, during 
both periods. The purpose of the one-week trial in 2018 was to have a first-hand experience 
4.1. Methods
4.1.1. Research Materials
In this study, I carried out a diary-based autoethnography with three different activity tracking 
devices: one activity tracker which is the Fitbit Charge 2 and two smartwatches which are the 
Apple Watch Series 4 and the Asus ZenWatch 2 (Figure 7). From the desk research on the 
current designs of virtual rewards in activity tracking systems, it became evident that current 
virtual reward systems are largely divided into two categories —badges and points—and that 
there are mainly two different logics to award badges to users—based on either the attainment 
of daily goals or predefined thresholds of measured data. Considering a company’s market 
share in wearable devices and the results of comparative analysis of current designs, the 
Google Fit, Activity, and Fitbit apps are regarded as the most representative cases of a point-
based reward system, goal-based badge system, and data-based badge system, respectively. 
Based on this consideration, three devices, Apple Watch Series 4, Fitbit Charge 2, and Asus 
ZenWatch 2, were selected since they were obtainable from the faculty or acquaintances. 
Each device is compatible with the Activity, Fitbit, and Google Fit apps, individually.
Figure 7. Images of research materials: Fitbit Charge 2 (left), Apple Watch 4 (middle), and 
Asus ZenWatch 2 (right)
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of activity trackers as part of a course. Other two teammates and I used the Fitbit charge 2 for 
a week focusing on how much quantified data correctly represents the quality of activities. 
In the trial period, we shared findings, thoughts, and feelings through a mobile messenger 
app. While the first trial was done for study purposes, the experience in the second period 
was intended for personal use. I had been using a Mi Band 3, an affordable activity tracker 
manufactured by Xiaomi, to monitor a regular exercise routine and sleep quality since the 
end of 2018. After a couple of months of use, I decided to try the Fitbit Charge 2 again 
with the expectation of more accurate measurement of data. Since the device had already 
been adopted and used before the plan of this research was constructed, the experience with 
virtual reward systems employed in the Fitbit app was written retrospectively (Figure 9). 
To bring a greater detail of experience, multiple sources of evidence were utilized such as a 
calendar, emails, records of push notifications, chat messages with teammates, and screens 
of the app. After that, a diary-based autoethnography with two other smartwatches, Apple 
Watch and Asus ZenWatch was conducted for two months in total, a month for each device, 
from early June to early August in 2019. Reflections-in-action were collected using the 
‘Notion’ app, a cross platform note-taking tool available to use in both mobile and desktop 
environments. In the app, a template for a diary entry was manually produced and used to 
ensure the consistency of all data entered. Diary entries were not written on a regular basis 
but made when the experience related to virtual rewards was inspiring in either a positive or 
negative way, by which irregular intervals between the entries can be explained. To vividly 
capture the experiences, short descriptions were promptly noted in situ using the mobile 
version of the ‘Notion’ app with relevant screens on the watch and the smartphone captured 
(Figure 9). Details were added in the desktop environment later on that day. Each diary entry 
included descriptions of inspiring experiences, captured screens of the smartwatches and 
mobile phones, and comments on the researcher’s thoughts and feelings. In some cases, ideas 
and suggestions were also added. While the Notion app was used in both cases as a software 
tool to collect diary entries, there was a difference between the two cases in terms of the 
device environment. Since the iPhone has been used in my daily life, I was able to easily add 
the Apple watch as a companion device and use the Activity app in a naturalistic setting. 
However, a workaround was needed in case of the Google Fit app. While a recent update of 
Google Fit app made it available on iOS, it was confirmed that some features were limited in 
the app for iOS devices. Therefore, to fully experience all the features of the Google Fit app, I 
carried another Android smartphone along with the iPhone at all times and connected it to 
the Asus ZenWatch 2.    
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4.1.3. Data Analysis
As a result, 12 retrospective accounts about Fitbit’s virtual reward system were gathered, 
among which 11 items came out of the experiences in the second period. Also, a total of 49 
reflections-in-action were collected from the use of the Apple Watch and Asus ZenWatch 
while 33 diary entries were made for the Activity app and 16 entries were for the Google Fit 
app. Both retrospective accounts and reflections-in-action were thoroughly reviewed, and 
the statements which described positive and negative influences of a virtual reward system on 
my behavior, attitude, and emotion were extracted. In addition to 79 positive statements and 
54 negative ones, 21 ideas or suggestions were also prepared for further analysis. Therefore, 
154 items in total were analysed in more depth by affinity diagramming (Lucero, 2015). 
Figure 9. Collected data from autoethnography: retrospective accounts for Fitbit (left), 
reflections-in-action through the Notion app for Apple Watch and Google Fit (right)
Figure 8. Timeline with an overview of autoethnographic research
Developing 
retrospective accounts
Reflections-in-action  
Usage
Reflection
2018 
May
one-week trial two-month use one-month use each
Fitbit Charge 2
Apple Watch 4
Asus ZenWatch 2 with Google Fit
2019 
March MayApril June July August
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Figure 10. Result of affinity diagramming with 6 major themes
Content
Aesthetic
Trust Communication
Goal-settingAccess
4.2. Findings
Through affinity diagramming, 154 statements were thematically grouped into 29 categories 
and these were further developed into 6 themes (Figure 10). The themes identified include 
1) content, 2) aesthetic, 3) access, 4) trust, 5) communication, and 6) goal-setting. The first four 
themes cover different aspects of experience with virtual reward systems while the other two 
are the relevant features that interact with a reward system for sustained user engagement. In 
this section, I present the primary findings from my experiences with three different virtual 
reward systems in current activity trackers along six themes above. 
4.2.1. Content
As pointed out from the prior study (Antin & Churchill, 2011), not all badges or points were 
valuable and motivational to me. However, the types or characteristics of virtual reward that 
were highly appreciated and meaningful have become clear during the study.
Proper credit for effort and time
First of all, the proper credit for effort and time was important. After a while using Google 
Fit in my everyday routines, I found myself caring much more about Heart Points than Move 
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Minutes. Unlike Move Minutes, Heart Points awards different points per minute depending 
on the intensity of exercise I engage in. In other words, the more effort I put into exercise, 
the more points I could get. This clear connection between effort and outcomes made me feel 
like I was properly acknowledged by the system and keep motivated even after I reached daily 
goals. Another episode in the experience with the Apple Watch also shows the importance of 
the appropriate acknowledgement, but in an opposite way: 
Reflections-in-action for Apple Watch, Date: 17/06/2019
I received the New Move Goal badge once I hit the new move goal which was set higher. 
However, the badge I had earned had the same style as the previous one with only some 
information updated. Given that the new move goal was more than twice higher than 
the previous goal, I think I deserve to get a badge with a fancier design. Since the Apple 
watch awards gold badges for new records of workout, I think a similar approach could 
have been taken in this context as well.
Information of the impact on health
Moreover, I appreciated the informational value of virtual rewards. One of the major merits 
of adopting activity trackers into our daily lives is to have better awareness of ourselves and 
activities that we engage in. However, the novelty of monitored information has worn off over 
time and many people fail to gain insights from the tracked data (Jarrahi et al., 2018). To lessen 
the burden of the interpretation of data, a composite metric can be provided (Zichermann & 
Cunningham, 2011). In this sense, Heart Point is also considered as this type of metric. While 
the NikeFuel point was a more arbitrary metric, Heart Point is more sensible and informative 
to ordinary people since it has a direct link to the activity recommendations from the WHO 
(World Health Organization, 2010). This enabled me to have a clear connection between the 
points I got through exercise and their impact on my health. In other words, the amount 
of Heart Points informed how much influence a certain type of physical activity has on my 
health improvement. This is well described in the following diary entry: 
Reflections-in-action for Google Fit, Date: 07/07/2019
When I went shopping, I looked around the store for an hour. However, I received only 
a few Heart points, which was actually fair enough considering what I did in the store. 
I walked slowly and stopped to see products many times, which was lower intensity of 
exercise compared to the walking activities in another day. For this reason, I do care 
more about how many Heart points I earn rather than the Move minutes, and I felt a 
greater sense of reward and achievement after doing exercise when I was able to get more 
Heart points.
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Challenging
It is common that we find greater value in the compensation for competing more difficult, 
challenging tasks. What does it mean by challenging in the context of physical activity 
tracking? I found it challenging when I had to make a constant effort to keep hitting the daily 
activity goals, break the best record, and do a considerable amount of exercise in a day. The 
virtual rewards I earned for these challenging tasks were more valuable, motivating me to 
keep engaging in physical activity with a sense of achievement and satisfaction:
Reflections-in-action for Apple Watch, Date: 17/06/2019
After hitting the daily move goal for eight consecutive days, I had finally earned the 
Longest Move Streak badge. I found more values and meanings from this badge compared 
to others I had already earned before. Also, I was motivated to keep hitting the goal and 
did not want to stop the record. This was because I understand this sort of record requires 
constant efforts in a long period of time and I have to put more than twice the effort and 
time if I break this up.  
In addition, the experiences of receiving rewards for huge achievements were so memorable 
that I was able to vividly recall the memories of those times through the badge or the records 
of points: 
Retrospective accounts for Fitbit, Time period 2, item 2.3
I had a doubt on the impact of displaying the total number of times that a certain type of 
badge has been achieved. There was one badge I only received twice since I started using 
Fitbit, which was the ‘Classics’ badge indicating an accomplishment of 25,000 steps in a 
day. Since I got an email from Fitbit when I first achieved this goal and the application 
shows the latest date I earned, I was able to remind what I did on those two days. Badges 
could serve as a trigger of the past exercises.
However, since I found greater value in the badges awarded for consistency, I was also 
discouraged when I failed to achieve that due to the circumstances beyond my control or 
lack of awareness of progression: 
Reflections-in-action for Apple Watch, Date: 10/06/2019
I failed to earn the ‘Perfect Week’ badge due to yesterday. I did not care about this without 
any awareness of weekly mission. I was disappointed with this because I’m pretty sure I 
must have moved more had I known it earlier. I have been aware of that I can get weekly 
badges for each activity, so I felt all my effort during the whole week became useless when 
I found that I failed to achieve that. 
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New
In the course of using activity trackers, I have earned the same badges many times, especially 
the ones that require a relatively low level of commitment. Once I started using each device, I 
was able to unlock new badges often. However, the chances to achieve new badges decreased 
over time while I had repeatedly received the same badges by hitting the same goals. The 
novelty effects of these badges wore off at this point, and they failed to yield any positive 
influences on my behavior and emotion. While both Fitbit and Apple indicate the total 
number of times I earned each reward, that number also did not mean anything to me. In 
this context, Apple’s time-limited challenges did serve as a good refresher: 
Reflections-in-action for Apple Watch, Date: 20/06/2019
I received push notifications to inform of some time-limited challenges. Some of them are 
ones for celebrating the annual events which last for only one day. In other cases, there 
are monthly challenges which have requirements for activities in a month. These sort 
of time-limited challenges allow me to have a chance to get new contents, pursue new 
achievements, and bring back my attention to physical activity.
Aligned with my interest and context
As stated in the reviewed literature about gamification (Deterding, 2011; Hamari et al., 2014; 
Nicholson, 2012; Vassileva, 2012), the effects of my interest and context on the outcomes 
were also confirmed during my study. Since I do not care about the flights I climbed in my 
daily life and I have some doubts about the accuracy of measurement of floors climbed, I 
paid little attention to the rewards for that as well. In terms of step counts, I only care about it 
when I have an exceptional amount of physical activity, such as during an excursion or travel. 
While I’m not usually interested in the measured step counts or floors, I was encouraged 
by the achievement rate of daily goals on the Apple Watch. So, the rewards awarded by the 
Apple Watch were mostly more meaningful to me than the ones by Fitbit. In short, the value 
of virtual rewards was proportional to the degree of my interest. Also, the environment where 
I engage in physical activity tracking determined the types of rewards I was attracted to. 
During the study, there was no one around me who had regularly used an activity tracking 
device in the real world, and I did not belong to any online community. Affected by this 
context where I was situated, I did not try any of Fitbit’s challenges since I needed another 
user to take part in most of challenges. This was also true for the Apple’s competitions as well. 
4.2.2. Aesthetic
In comparison with physical forms of reward, digital rewards have their own pros and cons. 
Though they cannot bring tangible benefits to users’ real life, digital rewards can be more 
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dynamic and promptly respond to a user’s actions (Wang & Sun, 2011). Also, they can be 
graphically materialized as realistic as their counterparts. How to utilize these attributes 
could affect users’ playfulness and perception on virtual rewards. 
Skeuomorphs vs. Flat 
There are some differences in the current designs of digital badges between Apple and Fitbit. 
One significant difference is that the badges of Fitbit are flat illustrations, whereas those of 
Apple display skeuomorphic metal textures, looking like real-world badges. Skeuomorph 
is defined as “an element of a graphical user interface which mimics a physical object” 
(“Skeuomorph”, 2019). Given that a flat design is a common approach to designing digital 
badges taken by many companies such as Fitbit, Garmin, and Samsung, a skeuomorphic 
design in this context is distinct from others. When I earned my first badge with the Apple 
Watch, I experienced how this different approach to design could influence my behavior and 
attitude towards digital badges: 
Reflections-in-action for Apple Watch, Date: 03/06/2019
I was able to see the backside of a badge where my name and the date I earned were 
etched. Etching name and date makes me treat badges more special and have more 
attachment to them. Since it is made with high quality of design, I wanted to share and 
show badges to my friends. 
Reflections-in-action for Apple Watch, Date: 04/06/2019
The first couple of badges were designed with silver color. It did not appeal that much to 
me but the ‘Move Goal 200%’ badge was different. It’s colorful and looks quite different 
from the silhouette which I was able to see before earning it. It looks like a physical badge 
with a great detail. I also want to unlock other badges to see how they look like. 
I should admit that this sort of skeuomorphic design will not be universally appreciated. The 
preferences for graphic styles are different and varied from person to person. However, it 
implies that the high quality of graphical representation could add additional value to badges 
and appeal to users’ emotions.  
Interactivity
Another notable difference between the badges of two companies is in terms of interactivity. 
While Fitbit’s badges are flat and static, those of Apple are more spatial and dynamic. In 
other words, while people are only allowed to appreciate the graphics of badges with Fitbit, 
the users of Apple Watch are enabled to flip and fiddle with badges on their watches as well 
as smartphones, as we normally do with physical objects. This sort of interactivity might 
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be trivial but can make digital badges more playful by bringing them beyond just a visual 
representation of achievement. 
4.2.3. Access
Easier access, more awareness
While different types of devices allow different levels of accessibility to the virtual reward 
systems, easy access to the reward system can lead to more immersive user experience with 
digital rewards. While Google Fit and Apple Watch enable users to check their rewards—
points and badges, respectively—on their wrist by offering a watch face theme or a menu 
in the watch version of app, Fitbit allows access to the collection of badges only from the 
smartphone app. Also, since it informs users of new achievements of some badges via email 
and push notifications on smartphones, there was no way to access the rewards on the activity 
tracker during my experience of Fitbit Charge 2. These made a huge difference in my level of 
awareness about virtual rewards, which was illustrated through the following episodes: 
Retrospective accounts for Fitbit, Time period 1, item 1.1
Surprisingly, I have not realized that there is a digital badge system in Fitbit application 
during this time period even though I received three emails regarding new achievements 
of badges. 
Retrospective accounts for Fitbit, Time period 2, item 2.2
To check the badges issued on a daily basis, I’m required to run the application and go to 
the menu titled ‘Badges and Trophies’ inside of the Account page, which I do not usually 
do. For this reason, I did not know that I had earned so many badges.
4.2.4. Trust
Reward is a thing given in recognition of service, effort, or achievement (“Reward”, 2019). In 
order for rewards to be properly accepted, the trust between receivers and givers needs to be 
built. During the study, three factors that affect my trust in the reward system were identified. 
Objectivity
In activity tracking systems, virtual rewards are awarded by the service providers based on 
the activity data. Due to the limited capability of the current wearable technologies, not all 
activities are accurately tracked by the devices. As a workaround, some companies allow users 
to manually create and edit the records of their physical activity. While improper credits from 
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tracking systems can discourage engagements with physical activity, manual input needs to 
be approached with caution since it may undermine the objectivity of the system, thereby 
lowering the value of rewards. It was depicted in the following diary entry:
Reflections-in-action for Google Fit, Date: 10/07/2019
One day, I forgot to choose the type of exercise in advance, relying on the auto-detection 
functionality. The result was quite different from one with a preset, Especially in terms 
of Heart Points. Though I am allowed to choose how many points I would get from an 
activity, it was tricky to decide the right amount of points to represent my effort properly. 
There was no clue, so the only thing I can rely on was my justification. I could make an 
assumption of the value with reference to the previous results, but it requires time and 
effort and involves subjectivity, which may result in lowering the credibility of the point 
system.  
To avoid this, the companies that have adopted a digital badge system clearly note that badges 
are not granted for manually logged activities (Fitbit Inc., 2019; Garmin Ltd., n.d.)
Consistency and Transparency
Users feel their experiences are consistent when the mechanism of a system is constantly 
recognized in their use. When the outcomes of their actions are different from what they expect 
to get, users get frustrated and may lose their confidence in the system. During the study, I 
experienced the lack of consistency of reward systems at some points. Some were caused by 
the lack of detailed information while some were brought about by the incomprehensible 
mechanism. This can be improved by making the system more transparent to its users with 
the provision of sufficient information of the rules and mechanisms of a system, which could 
consequently induce more active participation: 
Retrospective accounts for Fitbit, Time period 2, item 2.2
At first, I did not understand the reason why I received notifications not for all badges, but 
for some. After a short investigation into that, I figured out that they send a notification 
only for lifetime badges, not for daily-counted ones. 
Reflections-in-action for Apple Watch, Date: 07/06/2019
I recorded an outdoor walking a couple of times, but I have not received this reward until 
today. I was glad to get a new badge but wondering why this time. It may be because 
previous workout was in warm-up period or because of the duration of exercise. In 
anyways, I was not clearly informed about it. It would be better to get more details of 
why and how I get a badge. 
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4.2.5. Communication
All activity trackers I experienced have been using various channels to communicate with 
their users for many purposes, and those channels are used for virtual reward systems as well. 
However, differences exist between the systems in terms of types of communication channel, 
content in the messages, and the timing of a message.
Notification channel
All three tracking systems have used different communication channels. While the Activity 
app uses a single channel to communicate with its users regarding virtual rewards, the Google 
Fit and Fitbit app use multi-channels: the Google Fit app displays messages on both the 
smartwatch and the smartphone while the Fitbit app sends messages via email in addition to 
a push notification on the smartphone. However, given that there are many other applications 
on smartphones and the activity data is mainly tracked through wearable devices, a watch-
only notification can be more effective to attract users’ attention and stay focused on the 
activities they engage in. An adverse effect of multi-channel notifications was found in one 
of retrospective accounts: 
Retrospective accounts for Fitbit, Time period 2, item 2.1
While the app allows me to turn off undesirable options on the list of possible notification 
messages with everything on as default, I had not changed anything from default values 
during the period of use. As a result, I sometimes felt swamped by notifications including 
those for the badge achievement. Without careful attention, the notifications for badge 
achievement were also easily ignored. 
Progress
I was notified of the progress for an achievable badge and the attainment of daily and 
weekly goals on my watches or smartphones while using the Apple Watch and Google Fit. 
Considering some rewards call for users’ continued focus and constant efforts and there exist 
different levels of thresholds for daily activity, this sort of messages can help stay motivated to 
achieve a challenging, but achievable goal of reward, which consequently results in increased 
physical activity: 
Reflections-in-action for Apple Watch, Date: 26/06, 13/06/2019
The Apple watch informed me of the progress for the badges that require a streak of 
goal achievement. In addition to the text messages, it displayed the grey outline of the 
badges I am aiming for. Before receiving these messages, I have not paid attention to 
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these badges without awareness of the progress. It helped me know how close I am to 
those achievements and put more effort to keep up with the records.
Time, Place, and Occasion (TPO)
The impacts of virtual rewards can vary greatly depending on when and in what context the 
messages for new achievements are delivered. It can be more influential and give a greater 
sense of achievement and pleasure when users are enabled to appreciate new achievements 
on the spot in real time. In other words, the novelty effect of rewards may wear off if they are 
delayed or delivered in other contexts. The importance of the timing of a message was well 
described in the following diary entry: 
 Reflections-in-action for Apple Watch, Date: 03/06/2019
I received a push notification for the badge that I just earned with the Apple watch, and 
I was able to even see them. It was great to get notified directly on my wrist as soon as 
I had earned a new badge, which I did not expect to get. Also, I was enabled to see the 
badge in the same way as I do on the smartphone even including animations. Seeing 
a high-quality badge immediately on the spot was an enjoyable experience and I felt a 
sense of satisfaction.
4.2.6. Goal-setting
Challenging, but achievable goal 
While the badge system of Fitbit has nothing to do with daily activity goals, that of Apple 
Watch is closely intertwined with them, especially the daily Move goal. Since the Activity 
app awards different badges to users based on the achievement rate of the Move goal, the 
lower the daily Move goal is, the easier users are able to earn badges. In this sense, rewards 
are strongly linked to the goal-setting. The Apple Watch supports to adjust the daily goal 
every week with a weekly summary of physical activity. In addition, it suggests a new Move 
goal based on the summarized data. When I first adopted the Apple Watch, I set a low goal 
following the default value, so that it was quite easy to hit the goal and earn badges for the 
first couple of weeks. However, it had been completely changed with the increased Move goal 
as described in the snippet of the entry: 
Reflections-in-action for Apple Watch, Date: 17/06/2019
I was suggested to set a daily goal to 720 calories by the Apple watch, which is twice 
higher than the previous goal. The problem was I backed into a routine after a couple 
of exceptional days, which led to lowering the activity level. New daily goal became the 
- 38 -
number which is too high to be achieved in my routine. I almost gave up trying to achieve 
the daily goal. I needed to find more time for exercise to hit the goal by changing my 
routines, however, which was not what I was willing to do.  
Setting an appropriate level of activity goal is quite challenging in real-life contexts. As with 
the Apple Watch, if virtual rewards have a close connection with a daily activity goal, the 
quality of experience with virtual rewards can be influenced by the goal-setting practices. 
Health-related milestones
Unlike digital badges, Move Minutes and Heart Points in the Google Fit app are continuously 
accumulated from the start of physical activity. Although there is no threshold for rewards 
in point-based reward systems, Google Fit applies the activity recommendations from the 
WHO (World Health Organization, 2010) to its weekly activity goal for all users. When users 
get close to the WHO goal, Google Fit informs users of this and celebrates the completion 
of the goal once users earn 150 Heart Points. This kind of health-related milestones can add 
practical value to virtual points as indicated in the entry below:   
Reflections-in-action for Google Fit, Date: 09/07/2019
I hit this goal in the first two days of the week, which was quite easy to complete. But I 
was still satisfied with this result and this made me feel healthy because I succeeded to 
follow the WHO’s recommendation which has public confidence. It would be better to 
have higher goals that I can pursue during the rest of the week for those who have similar 
physical capabilities. 
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4.4. Summary of Findings
From 4-month length of autoethnographic diary study with three activity tracking systems, 
the detailed interactions with virtual rewards in real-life practice were illustrated. The results 
identified 15 opportunities under 6 themes—1) content, 2) aesthetic, 3) access, 4) trust, 5) 
communication, and 6) goal-setting—that could contribute to improving the quality of virtual 
reward experience. In detail, virtual rewards are considered more valuable if they 1) give 
proper credits for effort and time, 2) inform the impact on health, 3) are challenging, 4) new, 
and 5) aligned with personal interest. Also, the playfulness of virtual rewards can be differed 
by the way of graphical representation and interactivity. For more reliable and convenient 
use of virtual reward systems, accessibility, transparency, and consistency of the system need 
to be taken into account. In addition, the effectiveness of virtual rewards can be enhanced 
through appropriate communication. In my autoethnographic research, the effect was greater 
when information on progress is provided and rewards are delivered in real time on the spot. 
Lastly, the level of engagement with virtual reward systems can be increased by helping users 
set goals within the reach if virtual rewards are tied to daily activity goals and providing 
health-related milestones. 
User Studies: 
Online Survey
05
My autoethnographic diary study with three activity tracking systems provided insights into 
what elements and properties construct the experience of virtual rewards, how different 
designs of reward system influence users’ perceived values of virtual reward and their 
engagement in physical activity, and how virtual rewards interact with other features. Based 
on the in-depth understanding of current virtual reward systems gained through the diary-
based ethnographic research, I conducted an online survey, seeking to inquire into how 
virtual rewards have influenced people’s physical activity practices in the real world and how 
they are perceived and valued by their users.
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5.1. Methods
5.1.1. Participants
Participants were recruited through Amazon Mechanical Turk (MTurk), which is one of 
the crowdsourcing platforms where people are contracted on a case-by-case basis and get 
paid for performing tasks remotely. The target audiences were those who have been using 
one of the following devices or apps: Apple Watch, Fitbit, and Google Fit. People who fit 
the criteria above were allowed to participate in the study and they were compensated 1.50 
USD for completing the approximately 15-minute survey. To ensure the quality of responses, 
additional qualifications were also specified: a task approval rate at or above 95 percent and 
the completion of at least 500 approved tasks. In total, 336 individuals participated in the 
survey over three days. Among them, 216 participants out of them were qualified through 
screening questions and completed the full questionnaire. Out of those, 80 responses were 
rejected due to the suspicion about their integrity, such as giving duplicated answers to 
several open-ended questions or containing multiple answers that did not match the chosen 
tracking system. Although the remaining 136 responses were approved and paid, 23 of them 
were excluded due to the ambiguity of answers. Thereby, a total of 113 complete responses 
were further analysed.
5.1.2. Questionnaire
A questionnaire was created on Webropol, an online analysis and survey tool. In the survey, 
participants were asked about their personal experiences and opinions about virtual rewards—
badges or points—offered by one of three activity tracking devices and their dedicated 
mobile apps: Apple Watch and Activity app, Fitbit smartwatches/trackers and Fitbit app, and 
Wear OS—formerly Android Wear—smartwatches and new Google Fit app. To reach target 
audiences, two screening questions were placed at the beginning of the survey, asking whether 
to use one of three activity tracking systems at present. Qualified participants were allowed 
to take part in the study while those who did not meet the criteria were terminated from the 
survey. The questionnaire consisted of three parts: demographics, fitness tracking practices, 
and experiences with virtual rewards. To understand who have completed the survey, I first 
asked basic personal information, such as gender, age, country of residence, and nationality, 
as well as the current activity levels of participants. It was followed by the questions about 
fitness tracking practices: duration of use, frequency of updating the daily goal of activity 
tracking system, types of data initially and currently monitored with an activity tracker, 
and prior and current motivation for activity tracking. After the inquiry into the qualities 
of participants, the questions focused on how they have perceived and experienced the 
current virtual reward systems in everyday practice. To get deeper insights into users’ lived 
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experiences with virtual rewards, I asked participants several open-ended questions about 
a memorable experience with virtual rewards, names of valuable and unimportant badges 
or points, an experience of sharing achieved rewards and receiving real-world rewards, and 
suggestions for the improvement of virtual rewards in activity tracking systems. In addition 
to these free response questions, I also asked the level of familiarity and satisfaction with 
current designs of virtual rewards using five-point Likert scale. Moreover, in order to assess 
the perceived value and effect of current virtual reward systems, I asked participants to 
indicate their level of agreement to 24 statements—22 statements for Google Fit users—
using seven-point Likert scale ranged from “strongly disagree” to “strongly agree”. The Likert 
scale items were constructed based on the evidence confirmed by the reviewed literature, 
the findings from the autoethnography, and GAMEFULQUEST, an instrument developed to 
measure a user’s gameful experience in systems and services (Högberg, Hamari, & Wästlund, 
2019). While each item was intended to evaluate different aspects of user experience, they 
were thematically grouped into three: 7 items—5 items for Google Fit users—as to the quality 
of system, 7 items as to perception and attitude towards virtual rewards, and 10 items as to 
behavioral and psychological effects of virtual rewards (Table 3). 
Screening questions
Demographics
Fitness tracking 
practices
MTurk
compensation
Submit
Experiences with 
digital badges
Experiences with 
points
Figure 11. Overall flow of the survey
Apple Watch, Fitbit, Google Fit Others
Apple Watch, FitbitGoogle Fit
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Table 3
A list of Likert scale items
Groups Abbreviations Statements Inspired by
Quality of 
System
S_Aesthetic Badges are aesthetically appealing Autoethnography
S_Access It is easy to get access to the badges that I have earned Autoethnography
S_Ease It is easy to understand how the reward system works and what I need to do Autoethnography
S_Trust Rewards seem professional and trustworthy Autoethnography
S_Support The system helps me to achieve the rewards with appropriate support Autoethnography
S_Frequency I wish to get rewards more frequently Autoethnography
S_Diversity I am satisfied with the current diversity of badges Autoethnography
Perception and 
attitude
P_Emotion I am glad when I earn a badge/point Autoethnography, Fritz et al. (2014), Karapanos et al. (2016)
P_Value I find badges/points valuable Autoethnography
P_Credit I think the badges/points represent my effort well
Autoethnography, Fritz et al. (2014), 
Harrison et al. (2015)
P_Enjoy Earning and collecting badges are fun and enjoyable
Autoethnography. Karapanos et al. 
(2016)
P_Difficult I am confident in my abilities to achieve them
Autoethnography, Zichermann & 
Cunningham (2011)
P_Curiousity Badges appeal to my curiosity Autoethnography, GAMEFULQUEST
P_Willingness I’d like to continue to earn and collect badges GAMEFULQUEST
Behavioral and 
psychological 
effects 
E_Goal (Earning and collecting badges...)Makes me feel like I have clear goals
Autoethnography, 
GAMEFULQUEST, Fritz et al. (2014)
E_Progress Confirms that I am making good progress
Autoethnography, Jarrahi, 
Gafinowitz, & Shin (2018)
E_Motive Helps me keep motivated to engage in physical activity Autoethnography, Vooris et al. (2019)
E_Pride Makes me feel proud of myself Karapanos et al. (2016)
E_Feedback Gives me useful feedback so I can adapt
Autoethnography, 
GAMEFULQUEST, Jarrahi, 
Gafinowitz, & Shin (2018)
E_Enjoy Helps me enjoy physical activity more Autoethnography, Fritz et al. (2014), Vooris et al. (2019)
E_Effort Encourages me to put an extra effort to acquire them
Autoethnography, Fritz et al. (2014), 
Vooris et al. (2019)
E_Social Makes me feel like I am socially involved GAMEFULQUEST
E_Competetion Makes me strive to be the best GAMEFULQUEST
E_Negative Makes me feel bad about myself if I haven’t achieved them in a while Fritz et al. (2014)
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5.1.3. Data Analysis
I adopted a mixed-method approach to analyse the data with different tools since the collected 
responses included both quantitative and qualitative data. For the responses to open-ended 
questions, a content analysis (Columbia University, n.d.) was performed using ATLAS.ti 
(Version 8.2.3). Long-form text data were coded and grouped together based on the codes. 
In some cases, a single open-ended text response contained multiple codes when a user 
mentioned two or more answers to one question. On the other hand, the responses to the 
closed-ended questions and Likert scale items were analysed quantitatively with SPSS (IBM 
SPSS Statistics, Version 25). The frequency of responses and percentages were calculated to 
identify evident trends in a data set. Furthermore, the differences and correlations between 
systems and user groups were also estimated with inferential statistics. 
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5.2. Results
In this section, I present the results of the survey. I start by characterizing people who 
participated in this study with demographic data and information about their use of activity 
tracking devices. Subsequently I illustrate how people perceive and interact with virtual 
rewards offered by activity tracking systems in their physical activity practices.
5.2.1. Participants Characterization
Of the remaining 113 respondents, 69 (61.1%) were male and 44 (38.9%) were female. Given 
that the gender ratio of wearable users in the US is close to fifty-fifty (EMarketer, 2019), 
that of the participants was slightly skewed, but still an acceptable division. The majority of 
respondents were from the US (96), followed by India (6) and other countries (11). Also, 
most of them lived in the US (102), and 6 respondents in India. In terms of age, more than 
half of participants (54.0%) were between the ages of 25 and 34, followed by 24.8% between 
35 and 44, 15.0% between 18 and 24, and 6.2% between 45 and 64. Compared with the results 
of the recent report on the adoption of wearable devices (EMarketer, 2018), this study showed 
the same trends in age, but a higher proportion of the 25 to 34 age group was observed. This 
can be explained by the fact that people on MTurk tend to be younger and 60% of them are 
born after 1980 (Difallah, Filatova, & Ipeirotis, 2018). Regarding the current activity level of 
participants, approximately four fifths of them were frequently engaging in physical activity 
in their everyday life—68 (60.2%) were 3 to 5 times a week and 25 (22.1%) were 6 to 7 times. 
19 participants (16.8%) reported doing physical activity once or twice a week, and only one 
participant (0.9%) responded that he or she rarely does physical exercise. 
5.2.2. Fitness Tracking Practices
Usage of activity tracking device and app
When it comes to the currently using activity tracking device and service, 67 participants 
(59.3%) reported using a Fitbit smartwatch/tracker and the Fitbit app while 32 (28.3%) 
reported using an Apple Watch and the Activity app and 14 (12.4%) using a Wear OS 
smartwatch and new Google Fit app. This imbalance between these activity tracking systems 
can be explained by several reasons. First of all, the market share of Apple Watch and Fitbit 
is much higher than Wear OS compatible smartwatches. Second, the price range of Fitbit 
smartwatches/trackers ($100-230) is relatively lower than that of Apple Watch (from $400), 
so they can appeal to a broader public. In terms of the length of time since they adopted the 
current trackers, they were relatively evenly distributed. 25 respondents (22.1%) owned their 
trackers for 3 months or less, 33 (29.2%) for 4 to 6 months, 25 (22.1%) for 7 to 12 months, 
- 46 -
18 (15.9%) for 1 to 2 years, and 12 (10.6%) for 2 years or more. Given that the use of activity 
trackers was abandoned within six months by one-third of users in the US (Endeavour 
Partners, 2014), both long-term (55)—7 months or more— and short-term users (58)—6 
months or less— were almost equally recruited. 
Motivations for adopting activity tracking tool
Some pre-existing motivations for the adoption of activity trackers were revealed through 
the content analysis of text responses. 31 participants aimed to improve health by increasing 
their activity level or losing weight while 16 desired to maintain health. 29 adopted for 
tracking their daily activity including step counts, and 22 for tracking exercise, and 8 for 
tracking biometric data. These 106 participants (93.8%) can fall into the purposive group, 
according to Karapanos et al. (2016). Only 7 (6.2%) adopted for other purposes such as using 
smartwatches or socializing with friends and family, belonging to the explorative group based 
on the Karapanos et al. (2016)’s classification. Therefore, the participants of this study were 
predominantly those who started tracking physical activity aiming for healthier lifestyles 
with their own volition. 
Types of data initially and currently monitored with an activity tracker
In the survey, respondents were allowed to select up to three of a total of ten items regarding 
the type of data they initially wanted to track and currently track, respectively. Over half of 
participants listed step counts (initial: 65, 57.5%, current: 68, 60.2%), calories burned (initial: 
62, 54.9%, current: 62, 54.9%), which was followed by heart rate (initial: 48, 42.5%, current: 41, 
36.3%). Activity minutes, distance travelled, and sleep data were also monitored with interest 
by quite a few people. On the other hand, people showed little interest in flights climbed 
(initial: 6, 5.3%, current: 5, 4.4%), hours of stand (initial: 2, 1.8%, current: 0). Considering 
the fact that Apple Watch and Fitbit awards digital badges based on the amount of step 
counts, calories burned, flights climbed, and hours of stand, this result indicates that current 
virtual rewards are somewhat misaligned with people’s interest. In addition to analysing the 
frequency of data types, I also examined the change in the data types of interest over time 
by comparing the responses of each respondent to the two questions. As a result, the interest 
of the majority of participants (73, 64.6%) shifted from one type of data to another while no 
change was observed for 40 participants (35.4%). 
Frequency of updating the daily goal of activity tracking system
All three devices and apps I investigated in this study encourage their users to set daily 
activity goals in the initial set up while Apple Watch and Google Fit offer further support by 
suggesting updating the goals once a week. Since a close connection between the experience 
- 47 -
with virtual rewards and goal-setting was suggested from the autoethnographic research, I 
explored the goal-setting practices of participants. Of the study population, one-third of them 
(40, 35.4%) rarely update their activity goals. 23 participants (20.4%) reported updating their 
goals at least once a week, 22 (19.5%) reported once every two weeks, 22 (19.5%) reported 
once a month, and 6 (5.3%) reported once every two or three months. While approximately 
40% of participants pay little attention to their activity goals, a large portion of participants 
regularly engage in goal-setting practices.
5.2.3. Experiences with Virtual Rewards
Overall attitude, familiarity, and satisfaction
Participants’ overall attitudes toward the current virtual reward systems were evaluated 
by carrying out the content analysis of text responses to the question about an overall 
impression. The majority of participants (72, 63.7%) had a positive attitude toward badges 
or points, stating that they benefited from virtual rewards practically or emotionally. On the 
other hand, 28 (24.8%) deemed virtual rewards pointless while 13 (11.5%) were indifferent 
to them. When it comes to the familiarity and satisfaction of the current designs of virtual 
rewards, over half of participants were satisfied with their virtual reward systems (54.9% 
satisfied or very satisfied, Table 5) while two-thirds of participants showed great familiarity 
with them (67.3% extremely or very familiar, Table 4). In detail, the overall satisfaction and 
familiarity between the virtual reward systems were compared using Kruskal-Wallis test since 
the participant responses did not cover the entire spectrum of the scale in some cases though 
they were measured on a 5-point Likert scale, which consequently required to perform a non-
parametric analysis. A Kruskal-Wallis test showed that there was no statistically significant 
difference in both overall satisfaction (χ2(2, N=113) = 0.06, p = 0.972) and familiarity (χ2(2, 
N=113) = 0.56, p = 0.756) between the virtual rewards systems. In addition, I examined the 
degree of satisfaction and familiarity between both age group and usage group. A Mann-
Whitney test indicated younger people’s satisfaction (Mdn = 4) and familiarity (Mdn = 4) 
were not significantly greater than those of older adults’ satisfaction (Mdn = 3) and familiarity 
(Mdn = 4): satisfaction, U = 1091, p = 0.073; familiarity, U = 1338, p = 0.861 (Table 6). In 
terms of usage group, A Mann-Whitney test found no significant differences in the level of 
satisfaction and familiarity between long-term users (satisfaction: Mdn = 3, familiarity: Mdn 
= 4)   and short-term users (satisfaction: Mdn = 4, familiarity: Mdn = 4): satisfaction, U = 
1299.5, p = 0.074; familiarity, U = 1499.5, p = 0.566 (Table 7).
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Table 4
Frequencies of Familiarity of the current badge/points system
Apple Watch Fitbit Google Total Percent
Not at all familiar 2 5 7 6.2%
Not so familiar 2 5 1 8 7.1%
Somewhat familiar 7 12 3 22 19.5%
Very familiar 13 22 5 40 35.4%
Extremely familiar 8 23 5 36 31.9%
  32 67 14 113 100.0%
Table 5 
Frequencies of Satisfaction of the current badge/points system
Apple Watch Fitbit Google Total Percent
Very dissatisfied 2 2 1.8%
Dissatisfied 3 3 6 5.3%
Neither satisfied nor dissatisfied 9 27 7 43 38.1%
Satisfied 8 20 4 32 28.3%
Very satisfied 10 17 3 30 26.5%
  32 67 14 113 100.0%
Table 6
Familiarity and satisfaction between age groups
  Younger (18-34) Older (35 or more)      
  Mean Rank n Mean Rank n U Z p
Familiarity 56.65 78 57.77 35 1338 -0.18 0.861
Satisfaction 60.51 78 49.17 35 1091 -1.79 0.073
Table 7
Familiarity and satisfaction between usage groups
  Short-term (6 months or less)
Long-term 
(7 months or more)      
  Mean Rank n Mean Rank n U Z p
Familiarity 55.35 58 58.74 55 1499.5 -0.57 0.566
Satisfaction 62.09 58 51.63 55 1299.5 -1.79 0.074
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Lived experiences with virtual rewards
Participants reported one or more notable experiences that they were positively or negatively 
influenced by virtual rewards in their physical activity practices. The experiences of 106 
participants were investigated through the content analysis with 7 out of the study population 
excluded due to the lack of detail. Since some answers included multiple experiences which 
were handled as an individual account, 194 accounts in total were generated and coded. Then, 
23 codes were organized into 16 categories, among which 5 are about psychological effect, 7 
are about practical use, and 4 are about negative attitude and influence. Code frequencies of 
each category were calculated and presented in Table 8. 
Psychological benefit
Though the sample size of Google Fit, which represents a point-based reward system in this 
study, is much smaller than that of other two badge systems, psychological benefits were 
mostly observed in the user group with digital badge system. 22 participants explicitly stated 
that achieving virtual rewards gave them a sense of pleasure, and a digital badge system added 
additional playfulness to activity tracking practices as described by one participant: 
“Reaching our goals gives us an energetic and fresh feel. This badging system gives me pleasure 
of using the tracker.” (P7, Apple Watch)
Also, many participants mentioned they felt a sense of achievement when they earned 
badges. The results indicated that this mainly comes from 1) accomplishing activity goals, 2) 
succeeding challenging tasks, such as sticking to a routine, breaking the record, or doing an 
enormous amount of workout, and 3) appreciating the collection of badges: 
“I feel accomplished when I hit one of the big goals. The single dailies don’t matter too much but 
when I hit a monthly, 300-500% move goal, all three in a day, or major milestone, I legitimately 
feel accomplished and it makes me want to work harder for more.” (P26, Apple Watch)
“When I first got the Marathon badge for completing 26 miles. I was so excited that I informed 
my whole family about it as I was a very lazy person who wouldn’t get off from his computer for 
anything other than food.” (P56, Fitbit)
For some people, earning badges and points made them feel better about themselves:
“Once I realized I was able to walk so many steps in one day it was really surprising, and I 
figured that I could do more steps if I spend more time pursuing it. My first indicator of such a 
feat was Boat Shoes.” (P92, Fitbit)
Positive effects on physical activity practices
In addition to psychological benefits, some utilitarian benefits were also confirmed regardless 
of the type of virtual rewards. While Both Apple and Fitbit’s badge systems seemed to make 
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Table 8 
Code frequencies of 16 categories identified
 Themes Categories Codes (Experiences) Frequency
      Badge Point Total
Hedonic
 
Pleasure I felt a sense of pleasure 21 1 22
Achievement I felt a sense of achievement 21 21
Pride I felt a sense of pride (felt good about myself) 8 1 9
Surprise It was an unexpected reward 5 5
Aesthetic I was influenced by aesthetic 2 2
Utilitarian
 
Increased 
Engagement I was motivated to exercise more 14 3 17
Challenging I completed challenging goals (major goal, streak, best record) 15 15
Increased 
Enjoyment
I was motivated to earn more badges 
(badging experience) 15 15
Progress I confirmed progress (milestones) 11 11
Increased 
Engagement I was encouraged to stay on track 10 1 11
Alternative Goal I targeted them as an alternative goal 9 9
Progress I felt appreciated (I felt like I’m on the right track) 5 3 8
Informative It deepened my understanding of fitness routine 2 3 5
Memorial It was the first badge I earned 5 5
Increased 
Enjoyment It gamified the experience (gamification) 2 1 3
Memorial It came after the actual health improvement 3 3
Negative
 
Indifferent I am Indifferent 9 3 12
Pointless It is pointless 8 8
Insufficient Credits I was discouraged by the lower achievements than expected 4 1 5
Novelty effect The novelty effect wore off 3 3
Interval I was discouraged by the interval getting longer 2 2
Decreased Interest I was more motivated before 2 2
Unrealistic I was discouraged by seeing the unreachable badges 1   1
Total     177 17 194
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physical activity more enjoyable, the Google’s point system offered greater informational 
value to users in relation to their health and daily practices. Many of those who had used 
digital badge systems were attracted to badging experience itself. They liked unlocking and 
collecting badges, which made them motivated to exercise more and continue to engage in 
physical activity: 
“I remember that I was falling behind on a monthly challenge badge where I had to walk a 
certain distance to acquire the badge. It was the last day of the month, so I forced myself to get up 
and I began to walk the last few miles to achieve the badge. I felt like this was extremely positive.” 
(P25, Apple Watch)
“The first time I achieved the badge showing how many miles I walked, I felt so proud and more 
motivated to continue getting at least that number, as well as trying to get more.” (P91, Fitbit)
As reported in the previous studies (Fritz et al., 2014; Vooris et al., 2019), some participants 
did extra workout just for achievable badges when they realized their activity levels were 
close to the thresholds for those badges: 
“I have been close to a goal or badge and since I know I can achieve that I kept taking steps to 
get it.” (P90, Fitbit)
For some people, their desire for digital badges led to trying different types of exercises, 
resulting in a change of their attitude towards physical exercise:  
“The first badge that I received was the boat shoes, I didn’t realize how much receiving a badge 
would make me want to get another badge. Staying active has become a positive challenge 
instead of chore/hassle that I want to simply get out of the way. I look forward to yearning new 
badges.” (P39, Fitbit)
“I was positively influenced by badges when I earned the cycling badge. I despise cycling but the 
motivation to earn that badge made me do some cycling and when I earned that badge it made 
it seem much more worthwhile.” (P3, Apple Watch)
Speaking of more practical contribution of virtual rewards to people’s everyday practices, 
participants described that digital badges served as an alternative activity goal which they 
could aim at: 
“I really like it because it makes me feel like I have something to work towards.” (P40, Fitbit)
“It gives me a goal to obtain. It makes me feel like being healthy is equivalent to winning a game.” 
(P39, Fitbit)
Also, participants confirmed that they were making good progress on their fitness routines 
through the badges or points they earned: 
“Regularly I am positively influenced by these points when I realize that I earned a lot more than 
I expected.” (P106, Google Fit)
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“It’s cool, it creates a nice simple way of feeling like I’ve crossed into a new stage or met a persistent 
goal and usually is just a simple way of tracking my goals and feeling like I’ve met them.” (P53, 
Fitbit)
Furthermore, badges and points could help people gain a deeper understanding of their 
activity level and exercise routines: 
“I was positively influenced by digital badges when I first learned about it. It actually helped me 
form a schedule and see how my routine could collect awards.” (P4, Apple Watch)
“I once checked my move minutes and was shocked about how sedentary I was. It made me start 
to walk more.” (P110, Google Fit)
Negative effects
As suggested by previous study (Antin & Churchill, 2011) and revealed through their overall 
impression, not all participants appreciated virtual rewards. They seemed like a background 
noise for those who were indifferent to badges or points:  
“Honestly I can’t think of either. I just never cared, but I would say sometimes it was invasive 
when I just wanted to check there would be a reminder that I have completed a new badge. It 
kind of annoyed me. I don’t care.” (P73, Fitbit)
Moreover, some participants pointed out the misalignment between their health-related 
concerns and the current designs of virtual rewards:
“As I said, the badges are irrelevant to me. My health is what matters to me, and my fitness 
progress is what I have measured. This isn’t a video game to me.” (P98, Fitbit)
Meanwhile, the novelty effect of digital badges was also revealed by some participants. This 
could be caused by many reasons, but the lack of practical value and the gap between current 
virtual rewards and traditional reward experiences were mainly pointed out: 
“They never really meant much to me. I was excited when i got them the first time, but they don’t 
really show anything.” (P84, Fitbit)
“I find the experience neutral to negative because the different shoes don’t really translate into 
anything I traditionally recognized as a reward system.” (P54, Fitbit)
Also, some participants reported that they were discouraged or lose their interest due to 
insufficient credits for their exercise, a limited number of badges, long time intervals between 
rewards, and unrealistic thresholds: 
“During the first couple of weeks I got a lot of badges, I guess it’s just supposed to be like that - 
encourage people, so that they don’t lose interest. But the more you wear your device - the less 
badges you get. It can be months without a badge. This feels bad. Not really encouraging.” (P48, 
Fitbit)
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“Some actions you would think you did longer or worked harder, but some seem to be quite 
similar. Such as walking or brisk walking.” (P105, Google Fit)
Valuable and unimportant badges or points
Based on the wearable device and its dedicated app they are currently using, participants 
reported both the most and the least appreciated or valuable badge(s)/point(s) with reasons. 
Each response was validated based on the knowledge gained from desk research and 
autoethnography, as a result of which some responses with the lack of detail were excluded 
for the analysis in each case. 
Digital badge system
When it comes to valuable badges, both daily Move Goal badges and Perfect Week badge 
were named by 6 participants (21.4%) for Apple Watch (N=28) while daily steps badges 
were chosen by 42 participants (67.7%) and lifetime distance badges by 12 (19.4%) for Fitbit 
(N=62). To be specific, the most frequently named Fitbit’s daily step badges were Sneakers 
(9), followed by Urban Boots (6), Hiking Boots (5), High Tops (5). Users can earn these 
badges by completing 10,000 steps, 15,000 steps, 35,000 steps, and 20,000 steps, respectively. 
The reasons provided by participants gave an explanation of their choices. Participants chose 
these badges because these badges are challenging and show their enormous effort: 
“It showed how committed I was.” (P21, Apple Watch)
 “I climbed a really high mountains and I like having a little badge of honor about it.” (P62, 
Fitbit)
Also, participants deemed lifetime distance badges informative in that they show how many 
miles they have walked since they started using the device:  
“To know that I have walked the diameter of the earth will be a great accomplishment. It lets me 
know that if I could truly walk around the world, I could make it.” (P39, Fitbit)
Regarding unimportant badges, First Workout badges (8, 33.3%) was top on the list, followed 
by Activity Challenge badges (6, 25.0%) for Apple Watch (N=24). The most frequently 
mentioned badge by Fitbit users (N=58) was one of daily steps badges (34, 58.6%), among 
which two-thirds (23, 67.4%) stated Boat Shoes which is awarded for completing 5,000 steps. 
The second highest one was one of daily floors badges (12, 20.7%). Of those 12 participants, 
7 (58.3%) mentioned Happy Hill, which is given for the completion of 10 floors. Both Boat 
Shoes and Happy Hill are the easiest badges on each badge list. When a badge is too easy to 
get, people find it pointless: 
“I felt like it was given out for free.” (P15, Apple Watch)
“I can get 5,000 steps a day with my eyes closed.” (P33, Fitbit)
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Also, people regarded a badge meaningless when it is not aligned with their interests:  
“I’m not at all interested in yoga.” (P3, Apple Watch)
“I am not a fan of climbing and so it doesn’t matter to me much.” (P63, Fitbit)
Points system
Compared to the badge systems of Apple Watch and Fitbit, Google’s points system has only 
two options, Move Minutes and Heart Points. Thus, participants (N=14) were asked to select 
the point(s) that they deem valuable from one of four options: Both, Heart Point, Move 
Minutes, and Neither. 6 out of 14 participants (42.9%) chose both, followed by Heart Points 
(3, 21.4%). 4 (28.6%) reported that neither of them was valuable to them. Those who chose at 
least one of the points stated that points are a good indicator of their activity level and useful 
for maintaining their health:
“I believe both are vital to one’s general well-being.” (P101, Google Fit)
“Move minutes shows the amount of time I was moving around. It helps to monitor my activity 
level.” (P107, Google Fit)
Those who selected none of them generally had no interest in virtual reward systems: 
“I just want to track my workouts for me, to make sure I am hitting MY goals. I don’t care about 
points or what Google’s AI thinks about my workouts.” (P113, Google Fit) 
Sharing Experience
Participants answered yes or no to the question of whether they had ever shared a virtual 
reward. As a result, more than three quarters of participants (87, 77.0%) had never shared 
their rewards with others. Most of them do not feel a need to show their achievements to 
others: 
“I just keep my accomplishments to myself. No sense in telling everyone.” (P3, Apple Watch)
The reason behind this seemed that participants regarded activity- or health- tracking as a 
personal thing:
“I don’t want to show others what I have done because I want my fitness level to be improved.” 
(P7, Apple Watch)
“I have always felt my health was a personal thing.” (P110, Google Fit)
Participants did not think people around them would care even if they wanted to share: 
“I just don’t have anyone around me that is working out so I don’t share anything about my 
badges because I feel most people wouldn’t care about it.” (P75, Fitbit)
On the other hand, those who answered yes were primarily sharing virtual rewards to share 
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their progress with friends, family, and other users or to help others get motivated: 
“My wife has the same Fitbit, so from time to time we discuss the badges - it’s some kind of 
competition for us.” (P48, Fitbit)
“I share my badges with others who use fit bit. It’s a nice and easy way to share motivation with 
another.” (P39, Fitbit)
Perception and behavioral and psychological effect
Overall interpretation based on descriptive statistics
Table 9 shows the results of Likert scale items. Since one question measuring a detrimental 
effect of virtual rewards is a negative item, values of that item were reversed before interpreting 
the result (abbreviated as E_Negative_r in Table 3), by which the higher the score, the more 
positive. Given that the midpoint of the Likert scale item was 4 which indicates neither agree 
nor disagree, participants’ responses were somewhat positive in all three categories: quality of 
system (N=99, M=5.20, SD=1.06), perception and attitude  (N=113, M=5.00, SD=1.57), and 
perceived effect (N=113, M=4.84, SD=1.38). When looking closely at the individual items, 
the mean of all the items were above the midpoint while some items scored relatively lower or 
higher than the mean of the corresponding categories. When it comes to the perceived value 
of virtual rewards (N=113, Mdn=5), more than half of the participants (57.5% somewhat 
agree, agree or strongly agree) found badges/points valuable while around half of people still 
did not, which is relatively low compared to the proportion of those who answered positively 
in other categories. In the same way, it was assumed that perceived social effect of virtual 
rewards (N=113, Mdn=4) was also weak: 47.8% expressed agreement while 52.2% did not. 
On the other hand, the results suggested that people had no difficulty in understanding how 
virtual reward system works (N=113, Mdn=6) as well as in achieving virtual rewards (N=113, 
Mdn=6). The proportions of those who agreed with the statement were 84.1% and 82.3%, 
respectively. 
Validity and reliability of Likert scale questionnaire
 Before carrying out any inferential analysis, I conducted a factor analysis with the maximum 
likelihood method with varimax rotation to test the construct validity of a Likert scale 
questionnaire. Two items about the frequency and diversity of rewards were excluded since 
they were only answered by those who use activity tracking systems with digital badges. As 
a result of the factor analysis with 22 Likert scale items, two factors were detected to explain 
71.4% of the total variance (Table 10). While 3 out of 22 items were removed since both 
of two items loaded almost equally on two factors and another item did not have enough 
factor loadings on either of factors, 19 items fell into two groups. One factor consisted of 4 
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 Items Mean SD Strongly disagree Disagree
Somewhat 
disagree
Neither 
agree nor 
disagree
Somewhat 
agree Agree
Strongly 
agree
S_Aesthetic 5.08 1.38 3.5% 1.8% 4.4% 17.7% 32.7% 25.7% 14.2%
S_Access 5.46 1.41 0.9% 2.7% 6.2% 15.0% 18.6% 28.3% 28.3%
S_Ease 5.67 1.31 0.9% 0.9% 6.2% 8.0% 23.9% 26.5% 33.6%
S_Trust 5.27 1.56 2.7% 3.5% 6.2% 18.6% 15.9% 27.4% 25.7%
S_Support 5.22 1.64 5.3% 2.7% 5.3% 15.0% 19.5% 27.4% 24.8%
S_Frequency * 4.46 1.89 8.1% 10.1% 14.1% 17.2% 13.1% 20.2% 17.2%
S_Diversity * 5.27 1.43 2.0% 2.0% 8.1% 14.1% 22.2% 31.3% 20.2%
P_Emotion 5.2 1.82 7.1% 5.3% 4.4% 10.6% 17.7% 25.7% 29.2%
P_Value 4.58 2.00 11.5% 9.7% 7.1% 14.2% 15.9% 22.1% 19.5%
P_Credit 4.95 1.77 7.1% 3.5% 9.7% 15.9% 15.0% 28.3% 20.4%
P_Enjoy 4.97 1.87 9.7% 3.5% 8.0% 9.7% 19.5% 26.5% 23.0%
P_Difficult 5.57 1.34 2.7% 0.9% 1.8% 12.4% 23.9% 31.0% 27.4%
P_Curiousity 4.66 1.88 8.8% 9.7% 8.0% 11.5% 19.5% 26.5% 15.9%
P_Willingness 5.09 1.90 8.0% 6.2% 6.2% 9.7% 17.7% 23.0% 29.2%
E_Goal 4.96 1.81 6.2% 7.1% 8.8% 9.7% 21.2% 23.9% 23.0%
E_Progress 5.4 1.70 5.3% 3.5% 4.4% 11.5% 15.0% 28.3% 31.9%
E_Motive 5.16 1.87 8.0% 5.3% 5.3% 10.6% 14.2% 28.3% 28.3%
E_Pride 5.02 1.83 7.1% 6.2% 8.0% 9.7% 17.7% 28.3% 23.0%
E_Feedback 4.9 1.71 5.3% 3.5% 12.4% 17.7% 16.8% 23.9% 20.4%
E_Enjoy 4.83 1.90 8.8% 7.1% 8.0% 9.7% 24.8% 17.7% 23.9%
E_Effort 4.94 1.98 10.6% 5.3% 8.8% 7.1% 16.8% 25.7% 25.7%
E_Social 4.09 2.08 16.8% 12.4% 9.7% 13.3% 18.6% 12.4% 16.8%
E_Competetion 4.72 1.93 9.7% 8.0% 10.6% 6.2% 22.1% 24.8% 18.6%
E_Negative_r 4.42 2.07 7.1% 18.6% 15.9% 5.3% 13.3% 16.8% 23.0%
Table 9
Mean, standard deviation, and percentage of frequencies of Likert scale items (N=113), *N=99
Table 10 
Final constructs after factor analysis
Final 
Constructs
Initial 
Constructs Items
Cronbach’s 
alpha 
Composite item variable
Mean SD
System 
Quality
Quality of 
System
S_Ease, S_Trust, S_Access, 
P_Difficult 0.76 5.49 1.08
Perception 
and Effect
Perception 
and Attitude / 
Behavioral and 
Psychological 
Effect
P_Emotion, P_Enjoy, P_Value, 
P_Credit, P_Willingness, 
P_Curiousity, E_Competetion, 
E_Effort, E_Pride, E_Enjoy, E_
Motive, E_Goal,  E_Progress, 
E_Feedback, E_Social
0.98 4.90 1.64
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items related to system usability and credibility, which I will call “System Quality” construct. 
The other factor with 15 items, which accounts for 62.57% of the total variance, will be 
referred to as “Perception and Effect” construct since it was a combination of items originally 
designed to measure attitudes and influences. To evaluate the internal consistency of items 
in each construct, Cronbach’s alpha was calculated. Since the coefficients for both constructs 
exceeded 0.7, which is generally known as an acceptable level, two constructs were found 
to be sufficiently reliable. Based on the results above, the mean score of each construct was 
calculated using sub-items and passed to the further analysis.
Comparison of System Quality and Perception and Effects between user groups
To examine whether there is a significant difference between virtual reward systems in terms 
of System Quality and Perception and Effect, A One-way Analysis of Variance (ANOVA) 
was performed using the average score of two constructs. Table 11 indicates the means and 
standard deviations for each of the three groups. Since the sample sizes for each group are 
quite different and one of them is particularly small (n=14), the Welch’s F test was used. The 
result showed that there was no statistically significant difference in the quality of system 
and users’ attitudes and perceived effects between groups (Table 12): System Quality, Welch’s 
F (2, 34.98) = 0.33, p = 0.72; Perception and Effect, Welch’s F (2, 33.24) = 0.58, p = 0.56. As 
with satisfaction and familiarity, I evaluated whether there was a difference between the two 
scores by age group and usage group. Welch’s t-test indicated the scores of younger group 
were not significantly higher than those of older group in terms of both System Quality and 
Perception and Effect (Table 13): System Quality, t (57.80) = 1.57, p = 0.123; Perception and 
Effect, t (52.34) = 1.63, p = 0.11. Also, an independent-samples t-test found that there was 
no significant difference between long-term and short-term user group (Table 14): System 
Quality, t (105.52) = 0.22, p = 0.827; Perception and Effect, t (110.14) = 0.80, p = 0.427.
Table 11 
Mean and standard deviation of the mean scores of System Quality and Perception and Effect 
by virtual reward system
Virtual Reward System n System Quality Perception and Effect  
  Mean SD Mean SD
Apple Watch 32 5.39 1.10 5.13 1.30
Fitbit 67 5.50 1.09 4.80 1.72
Google Fit 14 5.66 1.01 4.82 2.02
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Table 12
One-way Analysis of Variance of system Quality and Perception and Effect by virtual reward 
system 
Constructs Source df SS MS F p
System Quality Between Groups 2 0.74 0.37 0.33 0.72
Within Groups 34.98 129.25 1.18
Total 112 129.99      
Perception and 
Effects Between Groups 2 2.48 1.24 0.58 0.56
Within Groups 33.24 300.32 2.73
  Total 112 302.80      
Table 13 
Welch’s t-test for System Quality and Perceived Effects (Younger vs. Older)
  Younger (18-34, n=78) Older (35 or more, n=35)      
  M SD M SD df t p
System Quality 5.60 1.02 5.24 1.18 57.80 1.57 0.123
Perceived Effects 5.08 1.47 4.49 1.94 52.34 1.63 0.11
Table 14
Independent Samples t-test for System Quality and Perceived Effects (Long-term vs. Short-term)
  Short-term  (6 months or less, n = 58)
Long-term  
(7 months or more, n = 55)      
  M SD M SD df t p
System Quality 5.51 0.99 5.47 1.18 105.52 0.22 0.827
Perceived Effects 5.02 1.62 4.77 1.68 110.14 0.80 0.427
Association between satisfaction and individual items
To estimate the association between satisfaction/familiarity level and each of the 24 Likert 
scale items, a Kendall’s tau-b correlation was carried out. In terms of satisfaction (Table 15), 
the correlations were mostly positive and statistically significant (Kendall’s tau = 0.28-0.54, 
p < 0.01), except one to measure the degree of obsession with virtual rewards (Kendall’s 
tau = -0.20, p = 0.09). In particular, a strong, positive correlation was estimated between 
satisfaction level and motivational effects: E_Motive, Kendall’s tau =0.50; E_Effort, Kendall’s 
tau =0.54. In other words, if a participant had been motivated for increased engagement with 
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physical exercise through virtual rewards, that person had been more likely to be satisfied 
with the virtual reward system. Regarding familiarity (Table 16), the correlations were weak 
and statistically significant for only some items, among which there was a moderate, positive 
correlation between ease of use and familiarity level (Kendall’s tau = 0.34, p < 0.01). That is, if 
a respondent had easily figured out how to engage in the virtual reward system, that person 
might have felt more familiar with the system. 
Table 15
Correlation between satisfaction and individual Likert scale items
System Quality S_ Aesthetic
S_ 
Access
S_ 
Ease
S_ 
Trust
S_ 
Support
S_ 
Freq
S_ 
Diverse      
Correlation (τb) .359** .278** .364** .465** .412** .360** .361**
Perception and 
Attitude
P_ 
Emotion
P_ 
Value
P_ 
Acknowl
P_ 
Enjoy
P_ 
Difficult
P_ 
Curious
P_ 
Will      
Correlation (τb) .495** .438**  .484** .496** .347** .465** .491**
Behavioral and 
Psychological 
Effects
E_ 
Goal
E_ 
Progress
E_ 
Motive
E_ 
Self
E_ 
Feedback
E_ 
Enjoy
E_ 
Effort
E_ 
Social
E_ 
Compet
E_ 
Negative_r
Correlation (τb) .467** .454** .502** .420** .283** .460** .535** .318** .412** -.201**
Table 16
Correlation between familiarity and individual Likert scale items
System Quality S_ Aesthetic
S_ 
Access
S_ 
Ease
S_ 
Trust
S_ 
Support
S_ 
Freq
S_ 
Diverse      
Correlation (τb) .225** .224** .341** .313** .133 .157 .04
Perception and 
Attitude
P_ 
Emotion
P_ 
Value
P_ 
Acknowl
P_ 
Enjoy
P_ 
Difficult
P_ 
Curious
P_ 
Will      
Correlation (τb) .220** .228** .208** .236** .230** .209** .198*
Behavioral and 
Psychological 
Effects
E_ 
Goal
E_ 
Progress
E_ 
Motive
E_ 
Self
E_ 
Feedback
E_ 
Enjoy
E_ 
Effort
E_ 
Social
E_ 
Compet
E_ 
Negative_r
Correlation (τb) .140 .146 .159* .138 .119 .125 .155* .104 .242** .007
Suggestions for the improvement of virtual reward system
At the end of the survey, I asked participants about how the current designs of virtual reward 
system can be improved. Through a content analysis of the responses from 70 participants, a 
total of 84 needs and suggestions were collected. Among which, the need for practical value of 
reward (24) was greatest, including needs for physical rewards (14) and monetary benefit (10): 
*p < .05, **p <.01
*p < .05, **p <.01
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“I’m pleased with it as it is. The only improvement I could see is if certain badges came with real-
life rewards (like maybe you get a new Fitbit for free if you collect a certain very high number of 
badges).” (P77, Fitbit)
“Maybe entering high achievers into some sort of sweepstakes to win actual prizes.”  (P74, Fitbit)
Some wanted to add more meaning to the rewards (9) or customize a badge to fit their activity 
goals (6): 
“Make them mean something, or give you access to premium features or something.” (P72, Fitbit)
“Specific customization as to what I want those goals to be, such as naming them myself.” (P29, 
Apple Watch)
Along with the need for practical use, another great need (16) was a more diversified badging 
experience by having a greater variety of badges or by having different badges or upgrading 
badges based on their fitness improvement: 
“I think if they had many options for the same badge like different graphics or something like 
that, it’d be fun.” (P82, Fitbit)
“The badges should be upgraded with next motivational goals.” (P51, Fitbit)
Also, a need for aesthetic improvement was also expressed by some (8):
“Maybe make them animated? Like a gif or something.” (P2, Apple Watch)
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5.3. Summary of Results
Through an online survey with 113 activity tracker users, the situated experiences of users 
were vividly drawn, and diverse aspects of virtual reward experience were qualitatively and 
quantitatively explained. First, it was identified that the majority of the survey participants 
took a positive attitude toward virtual rewards. By analyzing the narratives of their experiences, 
both hedonic and utilitarian benefits of virtual rewards became clearer. In addition, several 
qualitative questions revealed the personal nature of activity tracking and clarified why users 
add more value to certain types of virtual rewards. Meanwhile, a quantitative investigation 
was also attempted through Likert scale items, as a result of which the positive correlation 
between the level of satisfaction and motivational effects was confirmed. Interestingly, people 
tended to be more obsessive about virtual rewards as their satisfaction increased. In addition, 
with inferential statistics, no statistical differences in satisfaction and perceived effects of 
virtual rewards were found between the virtual reward systems, age groups (younger vs. 
older), and usage groups (long-term vs. short-term) although the average scores of younger 
adults and short-term users were higher than their counterparts. Lastly, by collecting people’s 
suggestions, a need was identified for improved practicality and meaning of virtual rewards 
and a more diversified, long-lasting virtual reward system.  
Discussion
06
In this chapter, I present an interpretation of the results to answer my research questions. 
The most important findings are discussed, as well as the implications for designing a virtual 
reward system for promoting physical activity.
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6.1. Key Findings
This work provided a more nuanced understanding of how people perceive and experience 
current virtual reward systems in daily practices. The study revealed several things that were 
not studied in the prior research while lending support to previous findings in the literature. 
Effects of virtual rewards in everyday practices
The reviewed literature pointed to the mixed views on virtual reward systems in activity 
tracking systems. Some studies revealed motivational impacts of virtual rewards on people’s 
physical activity practices, whereas other studies reported that the effectiveness of virtual 
rewards were limited to a few users while many people were indifferent to their virtual reward 
systems. While these findings were drawn from a limited number of participants in qualitative 
research, the results of this study derived from 113 participants who were recruited from an 
online crowdsourcing platform without any personal connection with the researcher. In this 
sense, this study could complement the prior studies by providing further evidence. First of 
all, the results of the survey with 113 actual users indicated that two-thirds of participants had 
a positive attitude or benefited from the current virtual reward. Moreover, some psychological 
and behavioral benefits of virtual rewards in daily practices were also revealed. Participants 
reported that collecting virtual rewards motivated them to exercise more and helped them 
stay active while giving a sense of pleasure and achievement. Also, badges could serve as an 
alternative activity goal, sometimes putting them on an extra workout to get them. These 
are consistent with the findings in the reviewed literature. Furthermore, the study provided 
new evidence on the informational roles of digital rewards. By earning rewards from the 
systems, some participants had more confidence in what they were doing or deepened their 
understanding of the current activity level and fitness routines. 
What makes some virtual rewards valuable? 
Antin and Churchill (2011) indicated through their research on Foursquare that most people 
find hedonic or behavioral value from only some types of badges. This was also confirmed 
in both autoethnographic research and online survey, with similarities between the results. 
I found greater value from virtual rewards when they are 1) recognizing my effort and time 
appropriately, 2) informing the impact of my exercise on health, 3) challenging to achieve, 
4) new, and 5) aligned with my interest and context. Similar results were gained by analysing 
the participants’ responses for both the most and the least appreciated or valuable badge(s)/
point(s) with reasons. The results suggested that the value of virtual rewards mainly derives 
from when they are 1) providing proof of enormous efforts, 2) challenging to users, 3) 
informative, 4) giving assurance of users’ activity level, and 5) helping to engage in physical 
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activity. On the other hand, the virtual rewards may fail to yield intended outcomes when they 
are 1) not interesting and meaningful to users, 2) too easy to achieve, 3) offered repeatedly, 4) 
not suitable for users’ ability or context. By comparing and combining the results from both 
autoethnography and online survey, it became evident what makes virtual rewards valuable 
or less important in the context of physical activity tracking.
Personal nature of activity tracking and virtual rewards
Social functionality is often employed (Zuckerman & Gal-Oz, 2014) in systems designed for 
encouraging physical activity. Among three activity tracking systems studied in this work, 
Fitbit and Apple Watch offer social functions to users. However, the study revealed that there 
exists a gap between the expectation of the system designer and actual use in terms of social 
functionality. The majority of the study population had never shared virtual rewards with 
others. The reasons provided by participants can give an explanation of this gap. Since users 
considered activity- or health- tracking as a personal matter, they did not want to share their 
accomplishments, nor did they feel the need to share them with others. Even if they wanted 
to, they didn’t think people around them would care. Given that a badge’s value often comes 
from a community that put value upon that badge (Cugelman, 2013), this personal nature 
of activity tracking poses a challenge to the designers who develop a virtual reward system, 
especially a digital badge system, within this context. 
Virtual rewards as part of engagement loop
From the diary-based autoethnography, how the current virtual reward systems interact with 
both goal-setting and notification features was illustrated in detail. When the rewards were 
awarded based on the attainment of daily activity goal like Apple Watch in this study, setting 
a doable but challenging goal was important to have a better rewarding experience through 
virtual rewards. Also, as with Google Fit, the experience of earning virtual rewards could 
be reinforced by accomplishing some health-related milestones. In terms of notification, 
informing the progress of rewards could keep people motivated to achieve the rewards and 
engaged in physical activity. Moreover, it seemed more effective when rewards were delivered 
on the spot in real time. Therefore, supporting goal-setting practices and communicating 
properly with users can make virtual reward more an effective tool. This close connection 
between the system features can be explained by the concept of social engagement loop. 
A social engagement loop is designed to increase and sustain user engagement, in which 
each of the four elements—motivating emotion, social call to action, player re-engagement, 
and visible progress/reward—leads to the next one and return to a motivating emotion 
again (Zichermann & Cunningham, 2011). Applying this concept to the study context, 
motivating emotion can be achieved through setting an appropriate level of activity goal 
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while notifications play a pivotal role in social call to actions and player re-engagement in 
this loop. Thus, careful consideration of how a virtual reward system interlocks with other 
features such as goal-setting and notification is required since virtual rewards perform not as 
the sole motivator, but as a part of the engagement loop.
More complete image through the use of mixed methods 
To answer the research questions, two entirely different approaches were taken: a diary-based 
autoethnography and an online survey. Although one is inherently subjective and qualitative 
while the other is more objective and quantitative, the results were found to be complementary 
to each other. A total of four months of autoethnography listed in detail many aspects of the 
virtual reward experience that were difficult to find in surveys or interviews. For example, 
without firsthand experience and the increased awareness of the present moment, it would 
have been difficult to reveal how a virtual reward system interacts with other features and 
how those interactions could affect users’ behaviors and attitudes. On the other hand, an 
online survey provided a lot of stories about users’ situated experiences in a short time. Also, 
the quantitative analysis more clearly showed users’ behaviors and attitudes with numbers 
while compensating the results of autoethnography. This enabled me to elicit the true nature 
of sharing experience around virtual rewards and the factors that make some types of rewards 
more valuable and meaningful. All in all, using both qualitative and quantitative methods 
facilitate a more robust and empathetic understanding of users and their experiences. 
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6.2. Design Considerations
While this study detailed the real-life experience with virtual reward systems in activity 
trackers, the findings from the literature review and user studies allowed me to discuss several 
considerations for the design of more effective virtual reward system within this context. 
6.2.1. User-Centered Reward System 
Aesthetics
Among the study population, there was a need for aesthetic improvement of current designs 
of badges or the way of visualizing accrued points. On the other hand, a few participants 
were attracted to the color or animation of badges. Since the preferences for visual design 
vary from person to person, it is hard to generalize which design is superior or inferior than 
others. Some prefer more realistic images whereas others prefer illustrations. Thus, I would 
like to focus on the animation and interactivity of badges here. Compared to physical rewards, 
digital rewards have some limitations since they are intangible. However, virtual rewards can 
have an advantage in that they can be more dynamic and interactive with users. One way of 
taking advantage of digital object is flipping motion and allowing users to fiddle with badges 
that are applied to Apple Watch’s badges. It can be approached in many ways, and by doing 
so, digital badges could have their own unique value beyond just a visual representation of 
achievement. 
Accessibility to reward system
The autoethnographic diary study identified that the current activity tracking systems provide 
different levels of accessibility to their virtual reward systems and that easy access to virtual 
rewards leads to higher awareness of achievements. Also, the survey participants described 
that they felt a sense of achievement by appreciating their collections of digital badges and 
that they confirmed they were making good progress through the badges they had earned 
since they started, so-called, their fitness journey. Since the study results indicated that easy 
access to reward system could lead to the higher level of awareness as well as a good sense 
of achievement and self-affirmation, higher accessibility to both individual reward and the 
reward system needs to be provided, such as by allowing alternative routes to access them or 
by bringing them to the top of the hierarchy.  
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Transparency of system
Nicholson (2012) pointed out that it is critical to make systems more transparent by providing 
appropriate justification to support users’ decision-making process and giving sufficient 
information of what is going on in order for user-centered meaningful gamification. In my 
experience with three virtual reward systems, there were moments I wondered why in all 
cases. Each time, I examined the reasons myself or through online searches. Interestingly, 
when searching online, I was always able to find someone who already had the same question, 
which was answered by another user. When I experienced the inconsistency of system without 
justification, I felt discouraged and lost my trust in the reward systems. For these reasons, it 
should be reviewed whether the reward system provides users with adequate information 
about the requirements for a reward as well as appropriate justification for their success or 
failure to achieve the reward.
6.2.2. Multi-Layered Virtual Reward Experience
Deterding (2013) stated that existing gamified systems merely added game design elements 
and limited themselves to a small set of feedback interface design patterns. This statement 
was made a couple of years ago, but it still seems valid to the virtual reward system in current 
activity trackers considering the evidence found in this study. Some participants described 
that they lost their interest in a digital badge system over time due to a limited number of 
badges and long-time intervals between rewards or that they were discouraged by unrealistic 
requirements for some badges. Furthermore, among the responses to the suggestion for 
improvement, many participants wanted to have a greater variety of badges. Also, some 
suggested applying a level system to the current badge systems, by which available badges 
are also going to be upgraded with their fitness levels or goals. High achievers wanted to 
have some special benefits while low achievers wanted to have easier goals. In sum, all these 
comments pointed to a need for more diversified virtual reward experiences. Given that 
users’ activity goals and ways of using activity trackers have evolved over time (Fritz et al., 
2014; Gouveia et al., 2015), this kind of approaches to improving the design of virtual reward 
systems makes sense. Also, it seems worthwhile to consider assigning badges a different 
role. Some of the participants regarded a badge as an alternative goal for their daily activity 
while some deemed a challenging badge as a major milestone in their fitness journey. Thus, 
providing both options in a separate manner with different logics can be proposed. For 
example, a reward system could offer a daily goal badge in return for achieving a certain 
number of manually set goals while allowing users to start challenging goals when they are 
ready. This suggestion could also deepen and diversify the experience with virtual rewards.
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6.2.3. Meaningful Reward Experience
Increased informational value with health-related information
Several findings pointed to a need for more practical use of virtual rewards. Some survey 
participants reported that they were indifferent to virtual rewards due to the lack of 
perceived practical value. Also, the score of the Likert-scale item measuring perceived value 
was relatively lower than others. Furthermore, a need for practical and meaningful use was 
the most frequently found among the suggestions. Though many of them wanted to find 
monetary value from badges or points, monetary incentives may have a detrimental effect 
on those who have low self-efficacy (Tseng, Chang, & Yen, 2018). In relation to this, Tseng 
et al. (2018) suggested monetary incentives may be more beneficial to the goal commitment 
after users have self-set goals and increased engagement in physical exercise. Therefore, as 
another way to heighten practical value, providing increased informational value seems most 
effective and reasonable. This can be backed up by the findings from the reviewed literature, 
autoethnography, and online survey. Nicholson (2012) claimed that providing relevant 
information to users’ interests helps people find meaningful connections between game 
design elements, activity, and their goals, which results in meaningful gamified experience. In 
the context of using activity trackers, the primary purpose of adopting the device in everyday 
life is managing and improving health as proved in the survey as well. So, the most relevant 
information to user’s interest in this context is health-related information. Moreover, in my 
experience with Google Fit, I appreciated the informational value of Heart Points. I internally 
linked the amount of Heart Points to the impact of exercise on my health. Also, some survey 
participants criticized the misalignment between their interest in health and the current 
content of rewards. In this sense, Google Fit seems to be a major step in the right direction 
although its effectiveness still needs to be verified with a large population.
Personalization/Customization
Another way to enhance perceived value of virtual reward system is adapting the system to 
changing personal interests and needs. Fritz et al. (2014) and Gouveia et al. (2015) indicated 
that the activity goal of users and their engagement with activity trackers have continuously 
changed as time goes on. A similar trend was observed in the survey as well. By comparing 
the types of data initially and currently monitored with an activity tracker, the interest of 
two-thirds of participants changed from one type of data to another. In addition, this survey 
question revealed that there is a misalignment to some extent between users’ interests and the 
data types of badges available. Based on my experiences with three different virtual reward 
systems, this misalignment means a lot. When I was not interested in the data types of badge, 
I became indifferent to that, and sometimes, earning those badges was like a background 
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noise. To address this, some participants suggested creating badges tailored to their activity 
goals. Meanwhile, a recent study on adaptive interventions for increasing physical activity 
showed the potential of this approach. Korinek et al. (2018) conducted a 14-week field 
trial with 20 participants to evaluate an adaptive step goal and rewards intervention using 
a smartphone app, in which users’ step goals were personalized by the system and points 
were awarded to users as a reward when they achieved their step goals. The results showed 
that providing personalized step goals and rewards was effective for increased activity and 
sustained engagement in physical exercise. It can be as complicated as we want, but it can 
be as simple as allowing users to name themselves or to set their activity goals themselves as 
Samsung does.
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6.3. Limitations
The study had also its limitations. First, the length of autoethnographic research was relatively 
short due to the limited time for the study. Given that the one-third of users stopped using 
their activity trackers within 6 months, I can identify myself as a short-term user. The use 
and impact of virtual rewards may change along with the evolving activity goals and practices 
over time. This kind of long-term use may shed light on different aspects of virtual reward 
experience. Second, the survey participants were predominantly younger adults (69% out 
of 113), which was caused by the demographic characteristics of the platform I used for 
recruitment. Since digital rewards, especially badges, are more likely to appeal to younger 
people, this composition of study population could have influenced the results obtained. 
Third, A relatively small number of Google Fit users participated in the study. This hinders 
generalizing the findings derived from these users although there was not a big difference 
between the results of autoethnography and their responses. Lastly, 24 Likert scale items 
used for quantitative research were not a complete set of tools to measure users’ attitudes 
and perceived effects of virtual reward system in activity trackers. They were constructed 
by the author based on the results of autoethnography and the reviewed literature and used 
without iterative development. Therefore, they need to be validated and further improved 
before carrying out a similar study with a larger population. These limitations should be 
addressed in future work to further investigate the changing relationship between users and 
virtual reward systems, the difference in perception and usage pattern between younger and 
older adults, and the difference in influence and role between points and badge systems. 
Conclusion
07
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Conclusion
This study has investigated real-life experiences with virtual rewards provided by activity 
tracking systems and their effects and value in people’s physical activity practices using 
mixed methods: a diary-based autoethnography with three different virtual reward systems 
of current activity trackers and an online survey with 113 participants. While answering the 
research questions, the study has made several academic contributions. First, it provides a rich 
understanding of how virtual rewards interact with users and other system features in real-
life contexts, in which the elements that influence the quality of virtual reward experience was 
also revealed. Second, it gives further evidence on the influence and role of virtual rewards in 
real-life practices and where the value of virtual rewards comes from in the context of activity 
tracking. Finally, it offers a set of considerations for the design of virtual reward systems that 
can lead to more user-centric, multi-layered, and meaningful virtual reward experience. The 
study recommends future research that includes long-term autoethnographic research and a 
wider range of participants in terms of age and device of use.
 References
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